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This  doiign  study  vu  based  on  previous  investigations  of  problems 
associated  with  the  mechanics  of  cargo  handling  by  aerial- crane- typo 
aircraft  (USAAVLAB8  Technical  laport  66-63).  This  report  Is  one  of 
three  contract  studies  of  the  sans  problem  with  varying  technical 
approaches . 

In  some  respects,  this  proposed  system  concept  departs  from  established 
Ihellcopter  hoist  system  practices;  thus,  further  evaluation  from  a 
system  concept  will  be  necessary  to  determine  Its  ultimate  velue  as 
the  heavy-llft  helicopter  external  load  handling  system. 

In  general,  this  command  concurs  with  the  results  of  this  preliminary 
design  study.  The  preliminary  designs  developed  by  the  contractor 
are  complete,  accurate,  and  In  sufficient  detell  to  provide  e  besls 
for  component  development  programs. 

Future  work  to  be  considered  by  this  activity  relative  to  this  erea 
Includes  en  analysis  of  the  three  preliminary  contract  designs  so  es 
to  define  an  optimum  system  based  on  the  best  features  of  each.  This 
nay  be  followed  by  component  development  and  test  for  critical  Items 
es  epproprlate  and  the  detail  design,  febrlcatlon,  end  test  of  en 
experimental  system. 
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summary 


The  purpose  of  this  two-phase  investigation  is  to  define  the 
optimum  design  of  a  heavy-lift  helicopter  external  cargo 
handling  system  of  40,000  pounds  capacity.  This  report  covers 
the  results  of  an  interface  subsystem  configuration  analysis 
and  defines  the  load  handling  winches  and  hoist  systems  required 
for  a  feasible,  overall  cargo  handling  system  (including  those 
aircraft-related  systems  necessary  for  control  —  actuation 
and  monitorship,  load  attachment,  suspension,  hoisting  and 
shock  dampening) . 

PHASE  I  -  DESIGN  ANALYSIS 

The  analytical  study  considered  all  elements  which  would 
ultimately  be  integrated  into  a  complete  airborne  external 
hoist  system.  They  include:  flight  safety  during  all  phases; 
the  effects  of  center  of  gravity  on  system  design  (aircraft 
with  and  without  load) ;  cost  and  time  estimates  for  system 
design,  fabrication,  and  qualification  testing;  and  finally, 
the  overall  feasibility,  efficiency  and  reliability  of  con¬ 
cepts  for  handling  external  cargo  by  heavy- lift- type  heli¬ 
copters. 

The  two-point  hoist  system  which  provides  the  required  load 
restraint  proved  to  be  the  lightest,  most  reliable  and  least 
expensive  of  the  methods  investigated  and  best  satisfied  the 
multi-point  hoisting  mode.  Although  feasible,  the  four-point 
hoist  system,  which  is  heavier,  more  expensive  and  requires 
more  development  time  than  the  two-point  system,  requires  hoist 
synchronization  to  meet  flight  safety  criteria. 

A  beam  system  integrating  the  cargo  hooks  provided  a  common 
base  for  mechanically  connecting  the  hooks  and  releasing  them 
simultaneously,  while  the  use  of  a  reeved  cable  system  was 
dictated  when  lift  capacity  exceeds  the  1-inch- diameter  wire 
rope  limit.  Also,  capstan-type  winches  are  considered  to  be 
superior  to  drum-type  winches, because  of  their  zero-moment 
feature  and  their  adaptability  to  different  aircraft  configuration 
installations. 

The  load  isolation  concept  as  a  solution  to  vertical  bounce 
phenomena  was  analyzed, and  various  design  principles  were 
described. Ultimate  selection  of  load  isolators  is  dependent  upon 
selected  installation  criteria. 


PHASE  II  -  PRELIMINARY  DESIGN 

The  preliminary  design  effort  presents  a  two-point,  two-winch 
hoist  system  which  appears  to  be  capable  of  providing  both 
multi-  and  single-point  lift  modes. 

These  preliminary  design  drawings,  provided  in  sufficient 
detail,  should  aptly  support  a  basis  for  future  detail  design, 
fabrication  and  qualification  of  an  experimental  hoist  system. 

This  experimental  hoist  system  is  a  two-winch,  two-point 
system  consisting  of  two  capstan-type  winches,  the  arrangement 
of  which  results  in  a  winch  system  free  to  pivot  about  the 
prime  mover  longitudinal  axis.  The  suspension  system  (one 
wire  rope  from  each  winch)  terminates  at  the  ends  of  a  beam 
to  which  are  secured  two  cargo  hooks.  The  beam  forms  a 
common  base  for  the  interconnection  of  the  hook  release 
mechanisms,  permitting  simultaneous  release  of  the  hooks 
through  a  common  electromechanical  actuator,  thus  satisfying 
the  specified  normal  mode  of  release  operation.  Manual 
release  of  the  system  (emergency  mode)  utilizes  the  same 
basic  linkage  except  that  a  manual  input  is  applied  in  lieu 
of  an  electrical  one. 

The  preliminary  design  studies  also  include  supporting  analyses 
of  load  and  stress,  maintainability  and  reliability  as  well  as 
safety  and  system  growth  in  order  to  confirm  the  feasibility 
of  the  system. 


Planning  cost  and  development  time  estimates  for  both  the 
design  analysis  (Phase  I)  and  preliminary  design  (Phase  II) 
are  included  in  this  report. 
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LEADING  PARTICULARS  OF  HOIST  SYSTEM 
(Designed  in  Phase  II) 

Winches  (2) 

Capstan  Type 

Dynamic  Capacity  (per  winch) 

25 ,000  lbs 

Lift  Rate 

60  ft  per  min 

Wire  Rope 

1-in.  dia,  type  6  X  37 
Warrington  Searle 

Wire  Rope  Dia/Drum  Dia  Ratio 

1:18 

Lift  Height 

150  ft 

Carqo  Hooks  (2)  -  Type 

Mechanical  Release 

Release  Normal  Mode 

Electromechanical 

Release  Emergency  Mode 

Mechanical 

Indicators 

Hook  Open/Hook  Closed 

Electrical  Conductor  Reel 

Normal  Operation 

Electrical  Torque  Motor 

Emergency  Release 

Mechanical 

System  Control 

Winch  Control 

Independent  variable  speed 
control  of  each  winch  plus 
integrated  control  through 
one  four-way  switch 

System  Emergency  Release 

Dual  cartridge  type  cable 
cutters  on  each  winch  - 
electrically  initiated  through 
separate  circuits 

Rop®  Length  Indicator 


Provision  on  winches  for 
driving  a  rope  footage  indi¬ 
cator  pot  plus  limit  switches 
to  control  max  6  min  rope 
lengths 

Braking  System  Automatic  load  brake  system, 

in  which  the  brake  unit  is  an 
integral  portion  of  the  drum 
drive  mechanism 


System  Weight 

Winches  (2  X  1198.09) 

2396.18 

Beam  assembly 

182.20 

Release  unit 

54.30 

(with  160'  of  rope) 

Winch  supports  (2  sets) 

85.16 

Load  isolators/Load  cells 

80.00 

2797.84  . 


Single  Point  mode 
hook  &  ropes 


210.00 

3007.84  Pounds 
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IMTRODUCTIOM 


On*  of  th*  most  •■■•ntial  element*  which  roust  be  considered  in 
the  development  of  a  heavy-lift  helicopter  is  its  external 
cargo  handling  system.  Operationally,  the  heavy-lift  heli¬ 
copter  will  be  employed  as  an  aerial  hoist  and  transporter 
for  various  heavy  loads,  including  combat  vehicles  and  other 
large,  bulky  items  which  cannot  be  lifted  by  other  heli¬ 
copters.  The  heavy-lift  helicopter's  attributes  must  include 
the  ability  to  deliver  its  cargo  by  landing  and  by  winching 
down  while  hovering. 

Prior  research  in  the  field  of  airborne  external  load  handling 
winch  and  hoist  systems  indicates  that  major  gaps  exist  in 
load-lifting  technologies,  particularly  in  the  capacity  ranges 
of  proposed  heavy-lift  helicopters.  Typically,  these  gaps 
result  in  excessive  hoist  component  weights,  incompatible  con¬ 
figurations,  poor  reliability  and  maintainability,  inadequate 
in-f light  safety  provisions,  complex  control,  and  other  unde¬ 
sirable  factors. 

The  basic  element  contributing  to  these  discrepancies  has  been 
the  fact  that  in  a  majority  of  cases,  cargo  handling  systems 
have  been  considered  to  be  a  secondary  function  of  the  complete 
weapons  system. 

The  philosophy  of  building  helicopters  and  then  designing  a 
system  for  carrying  external  cargo  has  resulted  in  system  com¬ 
promise.  Since  it  is  proposed  to  build  aircraft  whose  prime 
function  will  be  to  acquire,  transport,  and  deliver  cargo 
externally,  the  ideal  plan  should  be  to  design  the  cargo  handling 
system  and  then  to  design  a  helicopter  to  fit  the  system.  In 
order  to  accomplish  this  ideal  design,  it  must  first  be  ascer¬ 
tained  just  what  limitations  the  available  technology  and  design 
techniques  impose  upon  design  of  the  elements  which  comprise 
an  external  cargo  handling  system. 

Cargo  handling  techniques  have  developed  in  an  evolutionary 
manner  to  the  current  state  of  the  art.  Interest  by  the  Army 
in  a  heavy-lift  helicopter  with  a  lift  capacity  of  between  12 
and  20  tons  required  that  cargo  handling  techniques  for  exter¬ 
nal  loads  be  further  evaluated.  This  interest  led  to  a  request 
for  proposal  from  USAAVLABS  to  perform  a  study  of  a  heavy-lift 
helicopter  external  cargo  handling  system  of  40,000-pound 


capacity  and  to  tha  subsaquant  award  of  a  contract  for  such  a 
•tudy  to  Tha  Boaing  Company,  Var to  1  Diviaion. 


The  objective  of  the  Phase  I,  dasign  analysis  part  of  ths 
heavy-lift  hslicoptsr  sxtsrnal  cargo-handling  system  study  is 
to  conduct  investigations  and  studies  to  identify  and  define 
equipment,  subassemblies  and  components  triiich  are  applicable  to 
multi-point  and  single  hoist  systems  concepts.  The  equipments 
are  defined  in  sufficient  detail  to  facilitate  a  qualitative 
and  quantitative  design  appraisal.  Such  an  appraisal  will  thus 
permit  the  selection  of  a  hoist  system  considered  best  to 
satisfy  the  external  cargo-handling  requirements  of  future 
heavy-lift  helicopters. 

THE  influence  or  w mi  rope  coot  idihat ions  cm  hoist  system 

DESIGN 


The  element  tfiich  influences  the  design  of  a  hoist  system  more 
than  any  other  is  the  hoist  system  cable.  The  majority  of 
hoist  systems  use  wire  rope,  although  some  types  are  in  use 
triiich  use  roller  chain,  link  dhain  or  tapes.  Roller  chain 
hoist  systems  are  special-purpose  systems,  usually  employed 
\riiere  the  lift  height  is  small  or  where  there  is  no  tendency 
for  the  suspended  load  to  swing  (i.e.,  a  roller  chain  is 
primarily  a  power  transmission  medium  designed  specifically  to 
take  tension;  it  is  not  designed  to  take  any  bending  due  to 
side  loads) .  Link  chain  is  used  in  low-speed  (usually  hand- 
operated)  hoists.  A  comparison  of  the  relative  weights  of 
wire  rope,  link  chain  and  roller  chain,  shown  in  Table  I, 
points  out  the  major  reason  for  wire  rope  being  the  obvious 
choice,  where  minimum  weight  is  a  major  consideration. 


TABLE  I 

|  COMPARATIVE  WEIGHTS  OF  HOIST  M) 

EDIA  FOR  THE  SAME  LOAD 

Type 

Weight  per  150  Ft 

(u>) 

Wire  Rope  (Type  &  x  19) 

495 

Roller  Chain  -  Double  Width 

2,670 

Roller  Chain  -  Single  Width 

3,100 

Link  Chain 


4,200 


The  use  of  tape  winches  is  rslativsly  new,  and  invast i gat ion 
shows  that  such  a  systsm  shows  promiss  of  satisfying  tha 
requirements  of  tha  haavy-lift  haliooptar.  Tapa  winch  tech- 
nology  will  ba  discussad  undar  a  saparata  saotion  of  this 
report. 

In  ordar  to  appraciata  fully  tha  application  of  wira  ropas  to 
hoist  systems  for  tha  proposed  haavy-lift  helicopter,  contact 
was  established  with  tha  leading  wira  rope  manufacturers  in 
this  country.  Over  a  long  period  of  usage,  certain  qualifi¬ 
cation  criteria  have  bean  established  for  wira  rope  appli¬ 
cations.  What  qualification  tasting  has  been  accomplished 
has  bean  on  ropes  of  up  to  1-inch  diameter;  little  or  no 
testing  has  been  done  on  rope  sizes  larger  than  this.  Hoist 
system  manufacturers,  being  aware  of  this  lack  of  qualifi¬ 
cation,  gat  around  the  discrepancy  by  using  reeved  cable 
systems  when  designing  for  loads  which  exceed  the  capacity  of 
1-inch  diameter  rope. 

Effects  of  Banding 

All  wire  ropes,  except  stationary  ropes  used  as  guys  or 
supports,  are  subjected  to  bending  around  sheaves  or  .drums. 

The  service  obtained  from  a  wire  rope  is,  to  a  large  extent, 
dependent  upon  the  proper  choice  and  location  of  the  sheaves 
and  drums  about  which  it  operates  (see  Figure  1) .  A  wira  rope 
may  be  considered  as  a  machine  in  which  the  individual  elements 
(wires  and  strands)  slide  upon  each  other  when  the  rope  is 
bent. 

Therefore,  as  a  prerequisite  to  the  satisfactory  operation  of 
wire  rope  over  sheaves  and  drums,  the  rope  must  be  properly 
lubricated.  With  this  in  mind,  the  effects  of  bending  may  be 
classified  as: 

1.  Loss  of  strength  due  to  bending. 

2.  Fatigue  effect  of  bending. 

Loss  of  strength  due  to  bending  is  caused  by  the  inability  of 
the  individual  strands  and  wires  to  adjust  themselves  to  their 
changed  position  when  the  rope  is  bent.  Tests  made  by  the 
Bureau  of  Standards  and  reported  in  Technologic  Paper  No.  229 
show  that  the  rope  strength  decreases  in  a  marked  degree  as 
the  sheave  diameter  grows  smaller  with  respect  to  the  diameter 
of  the  rope.  The  loss  of  strength  resulting  from  the  bending 
of  wire  ropes  over  the  sheaves  found  in  common  use  will  not 


Figure  1.  Relative  Service  Curve  for  Different  Shi 
Rope  Ratios. 


exceed  6  percent  And  will  usually  ba  about  4  parcant. 

Tha  banding  of  a  wira  ropa  ia  aooompaniad  by  raadjuatmanta  in 
tha  positions  of  tha  strands  and  wiras  and  rasults  in  actual 
banding  of  tha  wiras.  Rapatitiva  flaxing  of  tha  wiras  sats  up 
points  of  st rasa  concentration,  avan  though  tha  banding  loads 
may  ba  wall  within  tha  alastic  limit  of  tha  wiras. 

Tha  fatigue  effect  of  banding  appears  in  tha  form  of  small 
cracks  in  the  wires  at  these  foci  of  overstress.  These  cracks 
propagate  under  repeated  stress  cycles  until  tha  remaining 
sound  metal  is  inadequate  to  withstand  tha  banding  load.  This 
results  in  broken  wires,  showing  no  apparent  contraction  of 
cross  section. 

Experience  has  established  the  fact  that,  from  the  service 
viewpoint,  a  very  definite  relationship  exists  between  the 
size  of  the  individual  outer  wires  of  a  wire  rope  and  the  size 
of  the  sheave  or  drum  about  which  it  operates.  Sheaves  and 
drums  smaller  than  200  times  the  diameter  of  the  outer  wires 
will  cause  permanent  set  in  a  heavily  loaded  rope. 

ReYflggg  Benda 

Bending  a  rope  first  in  one  direction  and  then  in  the 
opposite  direction  causes  excessive  fatigue  and  should  be 
avoided  whenever  possible.  When  a  reverse  bend  is  necessary, 
larger  sheaves  are  required  than  would  be  the  case  if  the  rope 
were  bent  in  one  direction  only.  A  comparison  of  minimum  tread 
diameters  of  sheaves  and  drums  is  given  in  Table  II. 

In  recent  years  there  has  been  a  trend  toward  the  use  of  6  x 
37  class  wire  rope  for  overhead  crane  service,  and  away  from 
the  use  of  6  x  19  class.  The  general  specifications  listed 
below  have  been  established.  When  followed,  they  have  been 
very  successful  in  eliminating  a  variety  of  operating  problems. 

Specification  for  Crane  Service 

Wire  Rope  Diameter  (In.)  Specification 

6  x  19  class 


1/4  to  5/16 
3/8  and  larger 


6  x  37  class 


TABLE  II 

MINIMUM  TREAD  DIAMETERS  07  SHEAVES  AND  DRUMS  IN  INCHES 


Mild  Mow  Stool.  Plow  Stool,  and  Monitor  Stool  Wiro  Kopoo 


6x10 

Seal*  Pat. 

6x17 

TypaL 

18x7 

Non-Spin. 

6x19 

Warrington 

6x36 

Typo  B 

6x30 

Type  0 

6x31 

Type  M 

fait 

TypeN 

falO 

Bade  Pat. 

6x33 
Type  R 

8x19 

Met 

Typo  8 

Hop* 

Dia. 

6x7 

6x99 

TypeP 

6x19 

Marlin 

Oad 

6x6x7 

Tiller 

!  x 

10** 

m 

7** 

5** 

3** 

; 

m 

9** 

8** 

4** 

X 

15** 

m 

11** 

9** 

8** 

8 

6** 

6** 

Kt 

18** 

15 

13** 

11* 

10 

9** 

8 

tx 

X 

21 

17 

15 

13 

11** 

10** 

9 

7 

% 

33« 

19J* 

17 

14** 

13 

nx 

8 

X 

26** 

21** 

18** 

16** 

14** 

13** 

11** 

8X 

X 

31** 

25** 

22H 

19** 

17** 

15** 

13** 

m m 

36** 

29** 

26** 

22** 

20** 

18** 

15** 

fc::: 

42 

34 

30 

26 

23 

21 

18 

K urn 

47** 

38** 

33** 

29** 

26 

23** 

;  V'3  m 

1 m 

52** 

42** 

37** 

32** 

2SK 

26** 

mm 

57** 

46** 

41** 

35** 

31** 

29 

24** 

mSm 

63 

51 

45 

39 

34H 

31** 

27 

mum 
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Where  a  wira  ropa  laada  ovar  a 
ahaava  and  onto  a  drum,  tha  ropa 
will  not  ramain  in  alignmant 
with  tha  ahaava  but  will  daviata 
to  aithar  ■ida,  dapanding  on  tha 
width  of  tha  drum  and  ita  dis- 
tanca  from  tha  firat  fixad  ahaava. 

Tha  angla  batwaan  tha  center- 
lina  through  tha  ahaava  and  tha 
centarlina  of  tha  ropa  landing 
to  tha  drum  ia  cal lad  tha  flaat 
angla  (aaa  Figura  2) • 


To  avoid  axcaaaiva  waar  on  tha 
ahaava  and  to  pravant  axcaaaiva 
chafing  of  tha  oncoming  ropa 
againat  pravioua  wrapa  on  tha 
drum,  it  ia  daairabla  to  keap  tha 
flaat  angla  as  small  aa  poaaibla. 

Where  apace  limitations  are  un¬ 
restricted,  such  as  on  mine 
hoists,  the  fleet  angle  is  soma- 
times  as  small  as  half  a  degree. 

This  is  equivalent  to  a  distance 
of  115  feet  between  the  drum  and 
the  first  fixed  sheave  for  each 
foot  of  drum  width.  It  repre¬ 
sents  the  minimum  below  Which  the 
rope  will  not  properly  wind  back 
from  the  drum  flange  after 
completing  one  layer. 

Most  installations  do  not  permit 
so  great  a  distance  between  the 
drum  and  the  sheave;  for  average 
conditions  it  is  considered 
good  practice  to  keep  the  fleet 
angle  within  2  degrees  for  a 
grooved  drum  and  1-1/2  degrees 
for  a  drum  with  a  smooth  face. 


Figure  2.  Rope  Fleet  Angla 
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Hot*  Sanction 

The  ■•lection  of  the  rope  for  the  airborne  hoiet  system 
application  is  a  fundamental  decision  vrtiich  will  affect  the 
overall  characteristics  of  the  hoist  system.  Factors  in  the 
selection  of  the  rope  arei  (1)  rope  life  expectancy,  (2)  rope 
*  construction,  and  (3)  type  of  rope  loading.  These  factors  are 

«  not  listed  in  order  of  their  relative  importance.  It  must  be 

»  understood  that  the  primary  objective  in  the  design  of  the 

system  is  to  produce  the  ultimate  in  lightweight  equipment 
consistent  with  high  reliability,  low  maintenance,  maximum 
maintainability  and  reasonable  cost.  In  addition,  the  hoist- 
0  ing  equipment  must  be  integrated  into  the  aircraft  to  provide 
an  overall  aircraftAoist  system  which  will  be  the  ultimate  in 
machine  efficiency  and  will  thus  establish  the  optimum  effec¬ 
tiveness  of  the  aircraft.  Efforts  aimed  at  using  so-called 
"standardized"  or  "all-purpose"  equipment  should  be  discour¬ 
aged  because  this  approach  will  detract  from  the  overall 
effectiveness  of  the  aircraftAoist  complex.  Less  experienced 
investigators  may  be  attracted  by  the  fallacious  promises  of 
economic  advantages  to  be  derived  from  an  "all-purpose"  heli¬ 
copter  hoisting  system.  The  cargo  hoisting  system  must  be 
fully  coordinated  to  provide  the  ultimate  performance  for  cargo 
operations.  To  achieve  the  ultimate  performance  in  the  aircraft 
cargo  system  (helicopter  plus  cargo-hoisting  system) ,  the 
problems  of  maintenance,  reliability,  weight,  power,  and  flight 
characteristics  of  the  aircraft  must  be  considered  in  the 
design  of  the  cargo  hoisting  system. 


Rope  Life  Expectancy 

The  determination  of  life  expectancy  of  a  rope  is  based  upon 
many  complex  factors,  such  as  rope  construction,  loading, 
lubrication,  rigging,  operating  fleet  angle,  compatibility  of 
rope  and  hoist  component  materials  operating  in  interface, 
rope  stresses  due  to  dynamic  loading,  and  thermal  stresses 
developed  between  hoist  components  and  the  rope.  These 
factors,  which  have  a  profound  effect  upon  the  life  of  the 
rope,  will  be  iiscussed  in  design  recommendations  set  forth 
in  this  report. 

Projections  of  rope  life  predicated  upon  fatigue  and  wear 
criteria  experienced  in  certain  commercial  cable  applications 
can  lead  to  the  establishment  of  unrealistic  values  in  deter- 
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mining  the  design  of  vital  components  in  the  hoisting  system. 
Experience  based  upon  the  examination  of  many  ropes  replaced 
in  aircraft  hoists  reveals  that  fatigue  failure  is  very  rarely 
the  reason  for  rope  replacement.  The  primary  cause  for  rope 
replacement  is  damage  due  to  mishandling ,  kinking,  and  abrasion, 
as  evidenced  by  broken  wires  in  the  cable  strands. 


It  is  recommended  that  the  life  goal  for  the  rope  be  coordi¬ 
nated  with  the  maintenance  functions  of  the  aircraft.  If  we 
were  to  assume  a  normal  periodic  maintenance  for  the  aircraft 
after  X  hours  of  operation  and  if  the  hoist  were  to  be  operated 
for  approximately  2  cycles  per  aircraft  flight  hour,  then  the 
normal  life  goal  for  the  rope  would  be  computed  at  2X  opera¬ 
tional  cycles.  This  rope  life  expectancy  is  predicted  on 
normal  or  working-load  cycles.  It  is  understood  that  the  rope 
life  would  be  proved  at  full-working- load  cycles  as  part  of 
the  qualification  testing  program. 

In  actual  field  operations,  the  probability  of  encountering  a 
full  schedule  of  full  working  loads  is  not  likely;  this  would 
mean  that  the  rope  would  normally  be  replaced  periodically 
with  ample  safety  margin.  In  addition,  it  is  customary  to 
tensile-test  the  ropes  after  they  have  been  subjected  to  life 
testing  to  prove  that  residual  rope  strengths  exceed  the 
normal  working  loads  by  a  factor  of  two,  as  a  minimum  standard. 
The  establishment  of  the  rope  life  goal  will  permit  the 
designer  to  proceed. 

Rope  Construction 

The  type  of  rope  construction  selected  has  an  important 
influence  on  hoist  design.  Cable  strand  formation  is  a  deciding 
factor  in  rope  performance.  If  we  were  to  consider  either 
resistance  to  wear  or  flexibility  as  the  determining  character¬ 
istic  in  rope  performance,  wear  and  abrasion  resistance  could 
be  obtained  by  using  a  small  number  of  large  wires  in  the 
construction  or,  conversely,  flexibility  could  be  ensured  by 
using  a  large  number  of  small  wires.  Flexibility  of  a  rope  is 
not  synonymous  with  fatigue  resistance.  In  many  cases,  a  well- 
designed  19-wire  rope  would  have  longer  life  when  subjected  to 
repeated  reversal  cycles  than  a  rope  with  many  more  wires.  It 
is  evident  that  secondary  bending  or  flexing  of  individual 
wires  within  the  cable  strands  is  more  damaging  than  the  pri¬ 
mary  bending  due  to  flexing  of  the  rope  around  the  drums  or 
sheaves.  The  secondary  bending  is  induced  in  the  wires  by 


using  a  cross-wire  construction  in  the  rope.  Modern  state-of- 
the-art  techniques  would  utilize  an  equal-laid  type  of  con¬ 
struction,  i.e.,  a  construction  in  which  the  wires  lie  in  the 
interstices  of  the  under  layment  of  wires  and  do  not  cross 
over  to  form  bending  pressure  points.  Such  a  construction  is 
represented  by  a  6  x  37  Seale  Warrington  equal-laid  wire  rope. 

► 

•  Mpa  leading 

» 

The  manner  in  which  the  rope  is  loaded  is  important  to  (1)  the 
selection  of  the  rope  construction  and  (2)  the  design  of 
,  hoisting  equipment  on  which  the  rope  is  to  be  used.  The  re- 

•  quirement  to  lift  unguided  loads  dictates  the  selection  of  the 
cable  and  also  establishes  the  details  of  the  cable  hook. 

It  may  be  of  interest  to  discuss  the  spin  mechanics  of  hoist 
ropes  in  order  to  afford  an  understanding  of  the  criteria 
governing  ultimate  rope  selection  for  a  particular  hoist 
application.  The  principal  feature  of  a  nonspinning,  non¬ 
rotating  or,  perhaps  more  correctly,  a  spin-resistant  wire 
rope  is  a  construction  which  comprises  many  strands  of  wire 
in  the  outer  layers,  with  inner  and  outer  strands  of  wire  laid 
in  opposite  directions.  Under  load,  the  inner  strands  tend  to 
rotate  in  one  direction  while  the  outer  strands  tend  to  rotate 
in  the  opposite  direction.  These  opposing  tendencies  reduce 
the  spin  reaction.  The  spin-resistant  types  of  construction 
generally  employ  crossed  wires  and  are  subject  to  secondary 
bending  stresses  which  reduce  the  fatigue  life  of  the  rope. 

In  addition  to  secondary  bending  stresses  developed  in  the 
rope  as  a  result  of  loading  the  cable,  it  should  be  noted  that 
when  the  cable  is  wound  on  a  multi-layered  drum,  crossed  wires 
are  susceptible  to  crushing,  which  further  reduces  the  life  of 
the  rope. 

% 

-  In  analyzing  the  mechanics  involved  in  a  loaded  wire  rope,  it 

<  is  important  to  understand  the  concern  given  the  problem  of 

reducing  the  spin  tendency  of  the  applied  wire  rope.  If,  in 
lifting  an  unguided  load,  a  wire  rope  is  permitted  to  spin,  or 
,  if  the  characteristics  of  the  wire  rope  or  of  the  hook  termi- 

•  nation  induce  spinning  under  load,  certain  wire  strands  in  the 
rope  are  lengthened  as  a  result  of  the  spin.  The  load  imposed 
on  the  lengthened  strands  is  transferred  to  the  contacting 
wire  strands,  and  the  overall  strength  of  the  cable  is  reduced. 
If  the  rope  is  heavily  loaded,  this  transfer  of  loads  from  one 
layer  of  strands  to  another  layer  can  result  in  failure  of  the 
rope. 
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It  must  be  noted  that  the  above  phenomenon  applies  both  to  spin- 
resistant  types  and  to  conventional-construction  ropes  When  an 
unguided  load  is  applied. 

It  is  recommended  that  the  equal- la  id-construct  ion  wire  rope 
be  used  in  the  hoisting  system  application  under  study,  for,  in 
addition  to  the  improved  fatigue  resistance,  it  provides  better 
resistance  to  crushing,  lower  loss  in  breaking  strength  for  a 
given  amount  of  wear  on  the  outer  wire,  and  higher  elastic 
moduli  (i.e.,  reduced  stretch  under  load). 

Effect  of  Wire  Rone  Selection  on  Hoist  Design 

The  ultimate  hoist  design  is  influenced  by  the  selection  of 
the  wire  rope,  since  vital  hoist  components  including  the  drum 
or  drums  must  be  designed  around  the  wire  rope.  The  minimum 
diameters  for  sheaves  or  wire  rope  drums  is  determined  by  three 
primary  factors:  (1)  rope  material,  (2)  diameter  of  rope,  and 
(3)  rope  construction. 

Rope  material  and  diameter  of  the  rope  are  generally  specified. 
The  choice  of  material  may  be  between  corrosion-resistant  steel 
Type  No.  302  and  high-carbon  steel,  with  negligible  difference 
in  weight  or  strength  in  the  sizes  under  consideration.  Rope 
diameters  are  dictated  by  loading;  the  hoist  under  considera¬ 
tion  will  have  a  20,000/40,000-pound  working  capacity  which 
will  require  rope  diameter  in  the  range  of  3/4  inch  to  1-3/8 
inches,  depending  on  the  type  of  wire  rope  construction  chosen. 
The  minimum  economical  drum  diameter  is  also  largely  deter¬ 
mined  by  the  choice  of  wire  rope  construction.  Experience  has 
indicated  that  the  designed  drum  diameter  may  vary  as  much  as 
400  percent,  as  a  function  of  wire  rope  construction. 

Experience  accrued  in  the  design  and  production  of  a  multitude 
of  both  drum  and  capstan  hoists/winches  for  aircraft  applica¬ 
tions  calls  into  question  the  validity  of  so-called  design 
factors  used  to  determine  sheave  and  drum  diameters  relative 
to  rope  diameter  and  type  of  rope  construction.  These  factors 
provide  a  rough  method  of  determining  the  required  size 
ratios,  but  current  commercial  experience  with  wire  rope  tends 
to  favor  the  use  of  empirical  data,  conservatively  applied. 
Generally,  the  ratio  of  rope  diameter  to  minimum  sheave  diam¬ 
eter  for  the  6  x  37  Seale  Warrington  equal-laid  wire  rope 
construction  is  18  to  1. 


Factors  determining  required  wire  rope  size  in  terms  of  design 
load  are t  working  load  (including  weight  of  cable  and  hook) , 
safety  factor,  and  bending  factor. 

The  safety  factor  is  determined,  from  data  supplied  in  FAA 
Federal  Aviation  Regulations  Part  133  -  Rotorcraft  External- 
'  Load  Operations,  to  be  3.75.  The  factor  determined  from 

«  aircraft  structural  practice  would  include  an  ultimate  load 

.»  factor  of  1.5.  The  yield  factor  of  safety  shall  be  1.15,  and 

other  safety  factors  and  allowable  loads  and  stresses  shall  be 
'  in  accordance  with  MIL-A-8629  (AER) ,  paragraph  3.21. 

< 

*  Bending  factor  is  empirically  determined;  experience  has  indi¬ 

cated  that  bending  will  produce  a  deterioration  in  cable 
strength  of  up  to  6  percent  of  the  working  load. 


CARGO  HOOKS  FOR  HEAVY- LI  FT  HELICOPTER  APPLICATION 


A  review  and  design  appraisal  of  existing  cargo  hooks  indicates 
that  present  hardware  has  been  developed  to  an  acceptable 
degree  of  reliability.  Hooks  of  40 , 000-pound  capacity  do  not 
exist  ';oday;  however,  their  manufacture  presents  no  problems 
since  they  can  be  designed  and  fabricated  using  existing 
design  philosophy  as  a  base.  The  principle  of  operation  is 
illustrated  in  Figure  3.  Essentially,  the  hooks  are  electro¬ 
mechanical  devices  permitting  both  electrical  and  manual 
release  when  actuated  from  remote  stations  on  the  aircraft 
(i.e.,  pilot's  and/or  loadmaster's  positions).  Provision  for 
manual  release  by  ground  crew  is  also  embodied. 

Electromechanical  hooks  of  two  types  are  illustrated  in 
Figure  4,  one  having  an  open  throat  and  the  other  a  closed 
throat.  The  closed  throat  has  been  superseded  by  the  open 
type  since  it  permits  easier  loading.  The  closed  throat  type 
may  have  to  be  reintroduced  if  in  multi-point  systems  the 
slings  have  a  tendency  to  ride  on  the  hook  keeper. 

Mechanical  hooks  considered  are  (1)  a  remote  control  type 
which  is  essentially  the  same  as  the  electromechanical  type 
but  with  the  electric  release  feature  and  (2)  a  plain  hook  with 
keeper  which  must  be  released  by  physically  removing  the  hook 
from  the  load  sling.  In  hoist  systems,  remote  control  is 
impractical,  thus  dictating  the  use  of  (2).  The  use  of  such 
hooks  in  airborne  hoist  systems  does  not  satisfy  safety  of 
flight  requirements. 

In  cases  where  electrical  conductors  for  hook  actuation  are 
embodied  in  a  single-point  system  in  which  the  hook  is  required 
to  swivel  to  prevent  hoist  cable  windup,  the  use  of  a  slipring- 
type  connection  between  hook  and  cable  becomes  necessary.  This 
type  of  system  has  been  produced  successfully,  although  it  must 
be  noted  that  slip  rings  have  been  a  source  of  trouble  in  the 
past.  The  complementary  requirements  for  electrical  conductors 
in  the  hoist  cable  and  for  slip  rings  in  the  winch  add  further 
sources  of  possible  trouble. 

Hook  Release  on  Single-Point  Hoist  System 

The  cargo  hooks  illustrated  in  Figures  3  through  5  are  all 
equipped  with  electrical  release  (normal)  and  manual  release 
(emergency)  .  However,  when  the  hook  is  suspended  from  a  single¬ 
point  hoist  system, direct  coupling  to  the  emergency  release 


ELECTRICAL  ACTUATOR 


Figure  3*  Cargo  Hook  Showing  Principle  of  Operation 


Figure  5.  Hook  with  Cartridge-Type  Emergency  Release. 
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feature  is  impossible.  One  solution  to  this  problem  is  to 
install  a  gas-operated  device  which  by  means  of  a  piston  imparts 
sufficient  force  to  operate  the  hook  manual  release  mechanism. 
The  gas  is  generated  by  a  cartridge  which  is  electrically 
fired.  This  requires  electrical  conductors  vfaich  must  travel 
the  same  path  as  those  installed  for  normal  electrical  release. 
Figure  5  illustrates  a  typical  hook  with  this  emergency  feature 
incorporated. 

Conclusions  -  Cargo  Hooks  (Refer  to  Table  III) 

The  following  are  the  conclusions  drawn  from  the  review  of 
cargo  hooks  for  the  heavy-lift  helicopter  applications 

1.  The  present  state  of  the  art  in  hook  technology  is 
considered  adequate  to  meet  contemplated  HIH 
requirements. 

2.  Every  endeavor  should  be  made  to  develop  systems 
which  do  not  rely  upon  electrical  circuits  through 
the  winch-hoist-  rope  hook  system. 

3.  The  problem  of  providing  manual  hook  release  on 
single- rope  systems  has  not  been  effectively 
resolved.  Although  hook-mounted  electrically 
initiated  gas  generators  have  been  successfully 
developed  to  provide  power  for  manual  release, 
their  actuation  systems  require  electrical  con¬ 
ductors  from  the  aircraft  to  the  hook. 


TABLE  III 

RELATIVE  MERITS  OF  CARGO  HOOKS 


Type 


Wt. 


Cost 


Reliability 


Flight 

Safety 


Productivity 


Mechanical 

Release 

(Remote) 

Mechanical 

Release 

(Ground) 

Electro¬ 

mechanical 


10 


10 


For  element  definition,  see  the  section  entitled  "Relative 
Merits  of  Hoist  System  Components  and  Complete  Hoist  Systems . " 

IHFIAJIMCX  OF  AIRCRAFT  CQ  TRAVEL  CM  HOIST  SYSTEM  DISIflM 

All  helicopters  have  a  certain  inherent  allowable  eg  travel  in 
both  the  lateral  and  longitudinal  directions.  This  feature 
is  good  in  that  it  permits  some  freedom  in  positioning  the 
load  within  the  limits  imposed  by  the  allowable  aircraft  eg 
range.  The  tandem- rotor  helicopter,  which  can  be  represented 
by  the  concept  of  a  beam  supported  at  its  ends,  has  a  larger 
longitudinal  eg  travel  range  than  the  single-rotor  helicopter, 
which  can  be  represented  by  a  beam  supported  at  its  center. 
Lateral  eg  travel  is  the  same  for  a  tandem-  or  a  single-rotor 
helicopter,  and  is  a  specific  requirement  of  MZ1>H-8501, 
Helicopter  Flying  Qualities,  Requirements  For. 

The  eg  travels  used  in  this  study  are  those  illustrated  in  the 
HUH  rotor  configuration  studies  performed  by  Vertol  Division, 
The  Boeing  Company,  and  Sikorsky  Aircraft  Division,  United 
Aircraft  Corporation,  under  contract  with  USAAVIABS.  The  lon¬ 
gitudinal  eg  travel  of  a  tandem- rotor-con  figured  helicopter, 
being  greater  than  that  of  a  single-rotor  aircraft,  will  be 
used  in  ascertaining  the  influence  of  eg  on  hoist  design. 

Figure  6  illustrates  the  relationship  between  eg  travel  and 
proposed  suspension  systems.  The  longitudinal  distance  between 
suspension  points  has  been  assumed  to  be  20  feet  (240 
inches).  The  lateral  distance  between  suspension  points  (four- 
point  system)  has  been  assumed  to  be  11  feet  8  inches 
(140  inches) .  This  suspension  geometry  has  been  derived  from 
the  above-mentioned  rotor  configuration  studies.  It  must  be 
appreciated  that  any  future  change  in  these  dimensions  will 
have  an  effect  on  winch  loading  criteria. 

Two-Point  Hoist  System 

Longitudinal  eg  limits  for  the  two-point  hoist  system  are 
located  on  98. 5- inch  centers;  lateral  eg  limits  do  not  apply. 

The  distance  between  suspension  points  is  240  inches,  symmetri¬ 
cal  about  longitudinal  eg  limits;  laterally  the  system  is 
mounted  on  the  longitudinal  axis  of  the  aircraft. 

Since  an  external  load  of  40,000  pounds  can  be  suspended  from 
any  point  within  the  eg  range  of  the  aircraft,  the  individual 
loads  in  each  suspension  cable  will  be  dependent  upon  load  eg. 


Figure  6  •  Assumed  Relationship  Between  Aircraft  CG  and 
Multi-Point  Suspension  System. 


Thus,  with  this  load  acting  at  ths  forward  limit  of  aircraft 
eg,  ths  magnitude  of  load  carried  by  each  suspension  cable 
will  be  as  shown  in  the  diagram  below. 


Required  winch  and  cable  capacity  is  therefore  28,208  pounds, 
assuming  a  single  suspension  cable  from  each  point. 

mr.-ppjfrt  ?y&Xm 

Longitudinal  eg  limits  for  the  four- point  hoist  system  are 
located  on  98. 5- inch  centers.  The  longitudinal  distance 
between  suspension  points  is  240  inches,  symmetrical  about 
longitudinal  eg  limits.  The  lateral  distance  between  suspen¬ 
sion  points  is  140  inches,  symmetrical  about  the  aircraft 
centerline.  The  lateral  eg  limits  of  load  are  assumed  to  be 
+7  inches  from  the  load  centerline.  This  7- inch  dimension  is 
based  upon  experience  gained  from  random  loading  of  CH-47A 
helicopters;  i.e.,  the  random  loading  results  in  a  lateral  eg 
shift  of  approximately  10  perreent  of  fuselage  width.  However, 
it  must  be  Appreciated  that  the  allowable  aircraft  lateral  eg 
travel  exceeds  this  and  that  it  is  permissible  to  load  within 
this  travel  limit.  A  lateral  eg  limit  of  ±30  inches  is  con¬ 
sidered  realistic,  although  precise  figures  have  not  been 
determined  for  proposed  heavy-lift  helicopters. 

If  this  ±30-inch  figure  should  be  considered  a  limiting  design 
value  for  the  establishment  of  winch  capacity  for  the  four- 
point-hoist  system,  the  required  individual  winch  capacity 
would  be  approximately  20,000  pounds,  resulting  in  a  large 


increase  in  system  weight.  We  consider  this  to  be  unrealistic, 
since  some  control  of  lateral  eg  position  of  the  load  must  be 
assumed  and,  as  already  stated,  +10  percent  of  width  is  con¬ 
sidered  acceptable*  This  latter  eg  travel  figure  would  result 
in  an  individual  winch  capacity  of  15,515  pounds,  as  shown  in 
the  diagram  for  the  four-point  system  below* 


1  CASE  I  -  LONGITUDINAL 


28,208  lb 


11,792  lb 


1 

-*-70.75  in.-* 

i 

A 

—  nr\  its  ^ 

40, 00( 

1 

lb. 

CASE  II  -  LATERAL 


* 


The  above  analogy  is  shown  only  to  indicate  that  the  load  eg 
will  f  ence  the  winch  capacity  requirements.  The  results 
show  .  *•  -omparative  ( i .  e .,  two-  as  against  four-point)  and 
are  ncc  o  bo  considered  as  being  specific. 
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The  two  typos  of  winchss  considsrsd  acceptable  for  application 
to  the  proposed  airborne  hoist  systems  are  the  drum  type  and 
the  capstan  type. 

Drum-Tv p«  Winch.* 

The  drum-type  winch,  which  is  the  one  most  commonly  used  today, 
consists  of  a  drum  onto  which  the  wire  hoist  rope  is  wound. 
Providing  the  recommendations  for  the  use  of  wire  rope  are 
adhered  to,  a  high  degree  of  reliability  can  be  achieved. 

(Refer  to  the  earlier  section  of  this  report  entitled  "THE 
INFLUENCE  OF  WIRE  ROPE  CONSIDERATIONS  ON  HOIST  SYSTEM  DESIGN.") 
Figures  7  and  8  illustrate  typical  di  um-type  winches  in  use 
today.  Since  the  wire  rope  must  be  progressively  wound  on 
the  drum,  it  is  essential  to  provide  means  of  preventing  the 
rope  from  winding  upon  itself;  this  rope  overlap  causes  un¬ 
acceptable  crushing  damage.  To  ensure  that  rope  overlap  does 
not  occur,  a  conventional  level-wind  system  is  usually  embodied; 
some  of  the  characteristics  of  such  a  device  are  shown  in 
Figure  9.  Another  method  which  achieves  the  same  result  is  to 
employ  a  rope-follower  level-wind  system.  This  system  consists 
of  a  collar  assembly  containing  three  rollers  which  engage  a 
spiral  rope  groove  formed  on  the  drum.  This  assembly  follows 
the  unwinding  rope  in  much  the  same  way  that  a  nut  runs  down 
the  thread  of  a  bolt.  Figure  10  shows  some  of  the  character¬ 
istics  of  a  rope  -follower  level-wind  system.  This  method  can 
only  be  used  when  not  more  than  one  layer  of  rope  is  wound 
on  the  drum,  as  will  be  the  case  on  drum-type  winches  considered 
in  this  study. 

Another  design  requirement  of  drum-type  winches  is  that  the 
rope  be  restrained  from  jumping  on  the  drum  when  the  cable 
springs  back  upon  release  of  load.  This  requirement  is  usually 
met  by  feeding  the  rope  through  pinch  rollers  as  it  leaves 
the  drum.  When  a  rope  -follower  type  of  level  wind  is  employed, 
the  follower  rollers  can  be  designed  so  that  they  bear  down 
on  the  rope  and  hold  it  in  the  drum  grooves,  thus  eliminating 
the  need  for  pinch  rollers.  When  large-diameter  rope  is  used, 
the  rope  also  has  a  tendency  to  bunch  up  on  the  drum  unless 
the  pinch  rollers  are  driven,  thus  providing  power  reel-out  of 
the  rope  .  A  roller  rope  -follower,  by  retaining  the  rope  on 
the  drum  at  three  equally  spaced  circumferential  positions 
around  the  drum,  shows  promise  of  effectively  achieving  the 
same  result  without  the  necessity  of  using  power  reel-out. 


Figure  7  .  Twin-Drum  Type  Winch  with  Rope  Follower. 
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Figure  8 . 


Drum- Type  Winch  with  Level  Wind. 

4 
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Conventional  laval  wind  (two-way  thread)  requires  power  drive* 

End  loads  due  to  swinging  load  are  reacted  by  the  level  wind, 
resulting  in  the  generation  of  high  bending  moments.  These 
moments  must  be  taken  out  in  bending  through  the  winch  structun 
In  a  single-point  system,  the  resulting  moment  arm  X  is  propor 
tionally  large.  The  offset  Y  results  in  a  torsional  moment 
which  must  also  be  taken  out  by  the  winch  structure. 

This  type  of  level  wind  does  not  retain  rope  on  drum  grooves 
during  load  release  springback  unless  additional  pinch  rollers 
are  added  for  this  function* 


Figure  9*  Effect  of  Conventional  Level  Wind  on 
Drum-Type  Winch  Structure. 
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Rope  -  follower- type  level  wind  doer  not  require  power  drive; 
it  chases  the  rope  groove  in  the  drum. 

A  small  increase  in  drum  length  is  required  to  allow  for 
follower  overrun. 

Loads  due  to  rope  swing  are  transferred  directly  to  the 
cable  dr’jn,  then  to  the  winch  structure,  resulting  in  smaller 
moments . 

Lateral  rope  swing  causes  the  follower  to  run  around  the 
drum,  thus  reducing  localized  bending  at  the  level  wind  bell* 
mouth. 

Follower  rollers  retain  the  rope  in  drum  grooves  during  load 
release  springback. 
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An  undesirable  feature  of  a  drum- type  winch  la  that  ae  the 
load  unwinda,  it  traveraea  the  drum,  with  the  reault  that  the 
load  can  be  applied  at  any  poaition  on  the  drum,  dependent 
upon  how  much  rope  ia  deployed*  In  an  aircraft  inatallation, 
thia  rope  traverae  will  create  a  variable  moment  about  the 
aircraft  eg  which  muat  be  coneidered  in  arriving  at  the 
inatallation  configuration  (see  Figure  11)  •  When  reeved  hoiat 
syatema  are  used,  the  rope  length  ia  greater;  i.e.,  in  a 
single-reeved  system,we  have  twice  the  rope  length,  compared 
with  a  single-rope  lift.  Thia  ia  reflected  in  greater  drum 
length,  which  in  turn  cauaea  a  misalignment  of  the  two  ropes 
as  the  rope  unwinds  (see  Figure  12) .  To  eliminate  the  long 
drum,  the  solution  is  to  increase  the  drum  diameter r  thia 
results  in  fewer  turns  of  rope  for  a  given  length.  The 
optimum  relationship  of  drum  length  to  drum  diameter  considering 
envelope  and  cable  traverse  has  been  established  as  lil. 

When  a  load  isolator,  which  must  be  installed  in  series 
between  the  load  and  the  suspension  point  on  the  aircraft,  is 
mounted  as  an  integral  part  of  a  drum-type  winch,  the  winch 
attachment  points  to  the  aircraft  have  to  be  designed  in  the 
form  of  a  hinge,  which  allows  the  winch  to  sway  and  thus  impart 
linear  motion  to  the  load  isolator  (see  Figure  13).  This  means 
that  the  torque  generated  by  the  load  on  the  winch  drum  is 
reacted  through  the  isolator  into  the  aircraft  structure. 

Since  this  torque  will  be  reacted  at  the  power  input  end  of 
the  winch,  consideration  must  be  given  to  th*  case  where, 
due  to  rope  traverse,  the  load  will  be  suspended  from  the 
opposite  end  of  the  drum.  Imposition  of  side  loads  on  the 
drum  resulting  from  a  swinging  load  will  create  a  torsional 
moment  at  the  end  of  the  winch  where  no  provision  is  made  to 
react  it.  It  is  true  that  two  load  isolators  can  be  used, 
but  their  effectiveness  could  be  compromised.  Another 
solution  would  be  to  design  the  winch  structure  to  transfer 
the  resulting  torsion  to  the  end  designed  to  react  torsion 
into  the  aircraft  structure.  In  either  case,  the  solution 
requires  a  greater  winch  weight  than  would  result  from  a 
winch  secured  to  the  aircraft  at  four  points, which  would  allow 
any  moments  generated  by  a  swinging  load  to  be  reacted  directly 
into  the  aircraft  structure. 

An  alternative  method  of  installing  the  load  isolator  directly 
into  the  winch  system  is  shown  in  Figure  14.  Although  this 
method  is  somewhat  simpler  than  the  previously  discussed 
method,  the  result  is  an  open* type  configuration.  This  means 
that  there  will  be  no  protection  for  the  aircraft  structure 
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Figure  11.  Effect  of  Rope  Treveree  on  Drum-Type  Winch 
Znetellation. 
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Suspension  of  Winch  from  Hinge  Point  in  Order 
Generate  Linear  Motion  to  Isolator. 


Figure  14.  Alternative  Drum-Type  Winch  Configuration, 


in  the  event  of  wire  rope  breakage.  To  satisfy  this  require¬ 
ment,  ths  drum  would  havs  to  bs  partially  or  totally  snclossd 
in  ordsr  to  contain  a  wild  rope;  this  could  result  in  a 
weight  penalty. 

If  a  single-reeved  system  is  employed ,  then  the  problem 
resolves  itself  as  shown  in  Figure  15.  It  will  be  noted  that 
the  load  isolator  is  mounted  on  the  free  end  of  the  rope  system 
and  that  the  winch  can  be  rigidly  mounted  to  the  structure. 

The  installation  of  load  cells  for  monitoring  rope  load 
follows  the  same  principles  used  for  load  isolators.  In  the 
ultimate  system,  it  appears  feasible  to  integrate  the  load 
cell  into  the  load  isolator  unit  when  a  reeved  rope  system  is 
employed . 

Figures  16  through  20  illustrate  the  configuration  and  relative 
sizes  of  drum-type  winches  which  we  consider  meet  the  require¬ 
ments  of  a  40,000-pound  hoist  system. 

Optimum  Envelope  for  Drum-Type  Winches  (Refer  to  Table  IV) 

It  will  be  noted  from  Figures  17,  19,  and  20  that  when  reeved 
rope  systems  are  used  in  conjunction  with  a  drum  diameter-to- 
rope-diameter  ratio  of  18:1,  the  drum  length  becomes  excessive. 
The  effect  of  this  excessive  length  is  illustrated  in  Figures 
11  and  12.  Figures  21  through  26  illustrate  the  effects  of 
correcting  this  situation  by  making  drum  diameter  approxi¬ 
mately  equal  to  drum  length.  The  use  of  this  optimum  envelope 
results  in  drum  diameter-to-rope-diameter  ratios  well  in  excess 
of  the  minimum  considered  to  be  good  design  practice  by  the 
wire  rope  manufacturers.  The  net  benefit  would  be  better 
fatigue  life  for  the  rope.  On  the  negative  side,  the  resulting 
weight  of  such  an  optimum-envelope  system  will  be  greater, 
although  subsequent  structural  requirements  for  winch 
installation  may  be  lighter. 

A  further  envelope  consideration  is  that  of  protecting  the 
aircraft  structure;  to  guard  against  deunage  resulting  from  a 
wild-running  broken  wire  rope,  the  drum  must  be  partially 
enclosed.  Such  enclosure  should  be  made  part  of  the  basic 
winch  structure  in  order  to  hold  down  winch  weight.  Examples 
of  such  configurations  are  shown  in  Figures  21  through  26. 

Total  drum  enclosure  is  not  practical,  since  provision  must 
be  made  for  load  swinging  and  rope  traverse.  Investigation 
shows  that  a  sheet  metal  cover  with  brush-sealed  openings  will 
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Figure  15.  location  of  Load  Cell,  Load  Isolator  and  Rope 
Cutter  on  a  Single- Reeved  Winch  Installation. 
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Load  40,000  x  3.75  -  150,000  pounds 

+  6%  Bending  Factor  *  9,000  pounds 

+  Rope  Weight  (640  x  3.75)  *  2,400  pounds 

+  Hook  Weight  (150  x  3.75)  *  562  pounds 

Rope  Design  Load  161,962  pounds 

Lift  Height  -  150  feet 

Rope  Size*1.375in,dieu 

Rope  Break  Strength  •  183.400  pounds 


Figure  16.  Single-Point,  Single- Rope  Winch 
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Figure  17.  Single-Point,  Single-Reeved  Winch. 


Load  par  Winch  15,515  x  3.75 
+  6%  Banding  Factor  (3490) 

+  Rope  Waight  (92  x  3.75) 

+  Hook  Waight  (40  x  3.75) 


58,181  pounds 
3,490  pounds 
345  pounds 
_ 150  Pound. 


Rope  Dasign  Load 


62,166  pounds 


Lift  Haight  *  50  fast 
Rope  Dia.  *  7/8  in. 

Rope  Break  Strength  ■  17,760  pounds 

Drum/Cable  Dia.  Ratio  ■  18il,  Drum  Dia.  ■  18  inches 


Figure  18.  Winch  for  Four-Point  Hoist  System. 
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Load  isolator 


Load 


29,090  pounds 


+  6%  Banding  Factor  (3133) 

4-  Rope  Weight  80  x  3.75  x  2 
4-  Hook  Weight  50  x  3.75 


1,745  pounds 
600  pounds 


Rope  Design  Load 


31,622  pounds 


Lift  Height-  50  Feet  (120  ft  cable)  Rope  Drue  Die  -  18x1 
Rope  Sise^  .75injdia  Drum  Diene  ter  -  13.5  in. 

Rope  Break  Strength  -  39,200  pounds 


Figure  19.  Four-Point  Hoist  System  Using  Four  Winches  and 
Sing le- Reeved  Rope. 
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14,104  14,104 

Load  28,208  x  3.75  «  105,780  pounds 

+  6%  Bending  Factor  »  6,347  pounds 

+  Rope  Weight  160  x  3.75  *  600  pounds 

+  Half  Beam  Assembly  Weight 

300  x  3.75  *  1,125  pounds 

System  Design  Load  -  113,852  pounds 

Winch  Design  Load 

113,852  t  2  *  56,926  pounds 

Lift  Heiqht «  50  Ft.  (100  ft.  cable) 

Rope  Size  *  .875  in.dia. 

Rope  Break  Strength*  75,760  pounds 


Figure  20.  Two-Point  Hoist  System  Using  Two  Winches  and 
S  ing  le- Reeved  Rope . 
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Load  40,000  x  3.75  -  150,000  pounds 

+  6%  Bonding  Factor  ■  9,000  pounds 

+  Rope  Weight  (640  x  3.75)  -  2,400  pounds 

+  Hook  Weight  (150  x  3.75)  _ 562  pounds 

Rope  Design  Load  ■  161,962  pounds 

Lift  Height  *  150  feet 

Rope  Sise  *  1.375in.dia. 

Rope  Break  Strength  *  183,400  pounds 


Figure  21»  Single-Point,  Single- Rope  Winch  (150-Foot  Lift). 
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Figure  22.  Single-Point,  Single-Reeved  Rope  (150-  Foot  Lift) 
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TOAD  ISOLATOR 


58,181  Pounds 
3,490  Pounds 
345  Pounds 
150  Pounds 

62,166  Pounds 

Lift  Height  »  50  feet 
Rope  Oil.  *  7/8in.dia. 

Rope  Break  Strength  ■  75,760  Pounds 
Rope  /Drum  Ratio  *  18:1 
Drum  Die.  *  16. 00 in. 


Load  per  Winch  15,515  x  3.75  ■ 
+  6%  Bending  Factor  4533  <■ 
+  Rope  Weight  (92  x  3.75)  • 
+  Hook  Weight  (40  x  3.75)  » 

Rope  Design  Load  * 


Figure  24.  Winch  for  Four-Point  Hoist  System. 
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Load  28,208  x  3.75  -  105,780  Pounds 

+  61  Bonding  Factor  »  6,347  Pounds 

+  Rope  Weight  (160  x  3.75)  -  600  Pounds 

♦  Half  Beam  Assy  Weight  (300  x  3.75)  -  1,125  Pounds 

Rope  Design  Load  ■  113,852  Pounds 

Winch  Design  Load  113,852  ♦  2  -  56,926  Pounds 


Lift  Height  -  50  feet  (100  ft  Cable) 
Rope  Size  ■  .875  in.  dia. 

Rope  Break  Strength  ■  75,760  Pounds 
Rope  Drum  Ratio  ■  24:1 
Drum  Dia.  *  21.00in.  dia. 


Figure  25*  Two-Point  Hoist  System  Using  Two  Winches  and 
Single-Reeved  Rope. 
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-  Mubau***  **.+J*m 


_  .  20.149  x  3.75 
Load  — 1 —  $  - 

+6%  Bending  Factor  (3133) 
+  Rope  Weight  (67  x  3.75) 
+  Hook  Weight  50  x  3.75 


2 


37,778  Pounds 

1,566  Pounds 
126  Pounds 
187  Pounds 


Rope  Design  Load 


39,657  Pounds 


Lift  Height- 50  feet  (120  ft  Cable) 
Rope  Size*. 75  in.  dia 
Rope  Break  Strength*55,800  Pounds 
Rope  Drum  Dia.*  28:1 
Drum  Diameter-21. 0  in. 


Figure  26a  Four-Point  Hoist  System  Using  Four  Winches  and 
Single- Reeved  Rope 
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give  partial  protection  against  the  slemsnts.  The  configura¬ 
tions  shown  in  Figures  ,21  through  26  are  all  adaptable  to  this1 
closure  method.  Figure  27  illustrates  such  a  cover  installed. 

The  winch  base  is  considered  to  be  the  optimum  location  for 
the  attachment  pickup  points.  This  location  is  not  considered 
r  mandatory,  and  subsequent  installation  requirements  may  dic¬ 

tate  that  the  pickups  be  located  on  the  winch  body  sides. 

Capstan-Type  Winches  (Refer  to  Table  IV  ) 

This  type  of  winch  is  often  called  a  "zero-moment"  winch;  i.e. 
one  in  which  the  rope  enters  and  leaves  the  drum  from  a  fixed 
point.  If  such  a  winch  is  suspended  from  a  point  directly  in 
line  with  this  payout  point,  no  moment  is  imposed  as  the  rope 
is  layered  on  the  storage  drum.  The  capstan  principle  allows 
the  initial  load  of  the  rope  to  be  absorbed  in  a  few  wraps  on 
the  driving  (capstan)  drums  (see  the  system  schematic  illus¬ 
trated  in  Figure  28) .  The  cable  is  then  taken  from  the  upper 
driving  drum  through  a  level  wind  to  a  storage  reel.  A  mini¬ 
mum  cable  tension  is  always  maintained  on  this  storage  reel 
by  driving  through  a  slip  clutch  at  a  peripheral  speed  slightly 
in  excess  of  that  of  the  driving  drums,  thus  allowing  the 
storage  drum  to  overrun.  Looseness  or  slack  in  the  rope  is 
prevented  by  causing  the  rope  to  drag  through  a  tension  roller 
as  it  is  wound  onto  the  driving  drum.  The  driving  drums  are 
grooved  to  minimize  chafing  of  the  heavily  loaded  rope.  It 
is  not  necessary  to  groove  the  storage  reel,  since  the  rope 
is  wound  on  it  in  a  lightly  loaded  condition. 

The  winch  design  configuration  is  dictated  by  recommended 
design  practice  for  wire  rope,  and  the  principal  item  which 
influences  the  design  of  capstan-type  winches  is  the  rope 
fleet  angle  (refer  to  the  section  entitled  "THE  INFLUENCE  OF 
WIRE  ROPE  CONSIDERATIONS  ON  HOIST  SYSTEM  DESIGN"  on  page  3)  . 

The  rope  drive  is  taken  through  two  driven  capstans  which 
consist  of  two  drums  suitably  grooved  to  guide  the  rope.  In 
traversing  from  one  groove  in  the  first  drum  to  the  adjacent 
groove  in  the  second  drum , the  rope  must  make  a  "fleet"  angle, 
which  means  that  the  rope  is  out  of  alignment  with  the  grooves 
(see  Figure  29).  If  this  angle  is  excessive,  the  rope,  which 
is  under  heavy  load,  is  subject  to  severe  chafing  with  subse¬ 
quent  reduction  in  service  life.  A  similar  situation  exists 
when  the  rope  leaves  the  capstan  drums  and  is  wound  onto  the 
storage  reel  through  a  level  wind  system.  Design  investigation 
indicates  that  an  acceptable  configuration  can  be  found  but 
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Figure  27.  Encloeure  of  Drum-Type  Winch. 
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Figure  29,  Effect  on  Rope  of  Traverse  Between  Drums  of 
Capstan-Type  Winch, 
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will  result  in  a  larger  envelope.  Figures  30  through  39 
illustrate  the  various  configurations  investigated,  Figure  39 
being  the  one  considered  best  for  meeting  the  established  wire 
rope  criteria  while  allowing  design  envelope  variation. 

Criteria  used  in  selecting  the  configuration  were  as  follows  t 

1.  Drum-diameter/rope-diameter  ratios  to  be  the  same  as 
used  in  the  configuration  review  made  of  drum- type 
winches,  except  that  the  storage  drum  diameter  was 
established  by  evolving  the  ratio  which  was  optimum 
for  rope  stowage  in  relation  to  rope  fleet  angle 

2.  The  eg  on  the  unloaded  winch  to  be  such  that  whether 
rope  was  reeled  on  or  off  its  storage  drum,  the  winch 
would  hang  vertically 

3.  Fleet  angle  of  1-1/2  degrees 

4.  No  reverse  rope  bends 

5.  Compactness  of  envelope 

It  will  be  noted  that  the  chosen  configuration  differs  from 
that  shown  on  Figure  40,  which  is  a  capstan-type  winch  designed 
by  Breeze  Corporation  for  the  CH-54A  four-point  system.  The 
principal  difference  lies  in  the  location  of  the  storage  reel, 
which  is  mounted  to  the  side  of  the  capstan  drums;  this  results 
in  a  more  compact  envelope  at  the  expense  of  putting  reverse 
bends  in  the  rope.  It  can  be  argued  that  the  rope  at  this 
point  has  only  nominal  tension  in  it,  but  the  fact  remains 
that,  regardless  of  load,  any  reverse  bends  in  wire  rope  are 
considered  undesirable. 

A  great  advantage  of  the  capstan  winch  is  that  the  rope  length 
can  be  varied  by  chang ing„ the  capacity  of  the  rope  stowage 
reel.  Little  increase  in  envelope  results  when  this  type  of 
winch  is  used  in  a  reeved  system.  Further,  since  the  winch 
can  be  suspended  from  one  point  with  rope  traverse  eliminated, 
no  misalignment  takes  place  with  a  reeved  system  as  is  the 
case  with  drum  types  (refer  to  Figures  11  and  12)  • 

The  single-point  suspension  is  also  conducive  to  the  installa¬ 
tion  of  load  isolators  and  load  cells,  since  they  can  be 
installed  in  series  with  the  pickup  (universal)  point. 
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(a)  System  rotates  under  no -load  condition. 

(b)  6%  bending  factor  increased  considerably  due  to  reverse 
bending  of  rope  on  load  drums. 

Figure  30*  Capstan-Type  Winch  Configuration* 


(a)  System  rotates  under  no-load  condition. 

(b)  Undesirable  right-angle  bend  of  rope  between  idler  pulley 
and  storage  drum. 

(c)  Requires  an  elaborate  and  costly  mounting  configuration. 

Figure  31*  Capstan-Type  Winch  Configuration* 
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(a)  Sy stain  rotatas  undar  no-load  condition. 

(b)  Fleet  angle  •  considerably  exceeds  1-1/2*  in  both  views. 

Figure  32.  Capstan-Type  Winch  Configuration. 


(a)  System  rotates  under  no-load  condition. 

(b)  Fleet  angle#  considerably  exceeds  1-1/2*. 

(c)  Requires  an  elaborate  and  costly  mounting  configuration. 

(d)  Distance  between  storage  drum  and  idler  would  have  to  be 
increased  out  of  proportion  to  decrease  fleet  angle  #  to 
1-1/2*  plus  conditions (a)  and  (c)  would  remain. 

Figure  33.  Capstan-Type  Winch  Configuration. 
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(a)  System  rotates  under  no-load  condition.  r 

(b)  Distance  between  storage  drum  and  idler  pulley  would  have  to 
be  increased  out  of  proportion  to  decrease  fleet  angle  e  to 

1-1/2°  plus  condition  (a)  would  remain. 

Figure  34.  Capstan-Type  Winch  Configuration, 


(a )  Would  require  a  7-7/16  in-dia idler  pulley  for  1-3/8  ixudiajrope, 
which  would  increase  6%  bending  factor  considerably. 

(b)  Same  as  (b)  in  Figure  34. 

Figure  35,  Capstan-Type  Winch  Configuration. 
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MTQ  POINT 


(a)  System  rotates  under  no-load  condition. 

(b)  Undesirable  right«angle  bend  o£  rope  between  idler 


pulley  and  storage  drum. 

(c)  Requires  an  elaborate  and  costly  mounting  configuration. 


Figure  36.  Capstan-Type  Winch  Configuration* 


(a)  System  rotates  under  no-load  condition. 

(b)  Idler  pulley  would  have  to  be  moved  toward  load  to 
decrease  fleet  angle  9  to  within  1-1/2*. 

Figure  37.  Capstan-Type  Winch  Configuration. 
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(a)  Requires  an  elaborate  and  costly  mounting  configuration. 

(b)  Distance  batwaan  cantar  lino  of  load  drums  and  univarsal 
mtg  joint  would  hava  to  ba  axcaadingly  long  to  ba  practical. 

Figure  38.  Capstan-Type  Winch  Configuration. 


STORAGE 

DRUM 


MTG  POINT 


alternative^ 

LOAD  TAKEOFF 


Figure  40.  Capstan-Type  Winch  for  a  Four-Point  Hoist 
System. 
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TAILS  XV 

RIIATXVS  MERITS  OF  WINCH  TYPES 

Item 

Weight 

Cost 

Maintenance 

Reliability 

Installation 

Capstan 

Type 

2 

2 

2 

2 

1 

Drum 

Type 

1 

1 

1 

1 

5 

For  element  definition  refer  to  "Relative  Merits  of  Hoist 
System  Components  and  Complete  Hoist  Systems"  on  page  178. 


NOTE*  xn  the  above  table,  in  all  elements  except 
"installation"  the  relative  degree  of  merit 
difference  is  only  in  the  order  of  5  percent, 
and  aircraft  installation  design  may  reduce 
this  figure.  The  flexibility  of  the  capstan- 
type  winch  to  meet  varying  installation 
requirements  more  than  offsets  any  dis¬ 
advantages  implied  in  the  above  table. 
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Figure*  41  through  45  illustrate  th4  various  sices  of  capstan- 
type  winches  which  meet  the  requirements  of  a  40,000-pound 
hoist  system.  The  40,000-pound  single-lift  winch  is  illus¬ 
trated,  but  this  does  not  imply  that  such  a  sice  is  recommended. 

Corcp.rl.on  of  Drun-Tvp.  with  C.p»t.n-Tvp«  Winch.. 

Comparison  of  the  characteristics  of  drum-type  and  capstan- 
type  winches  reveals  the  followings 

1.  Both  winch  types  can  be  effectively  built  into  the 
proposed  40,000-pound  hoist  system.  More  experience 
exists  with  the  drum  type.  The  greater  height  of 
the  capstan  is  a  product  of  satisfying  rope  criteria, 
and  it  could  be  argued  that,  since  the  specified 
life  requirement  of  3600  cycles  is  relatively  low, 
configurations  embodying  reverse  bends  could  still 
meet  this  figure.  However,  in  the  absence  of  any  test¬ 
ing  of  rope  in  this  configuration,  such  assumptions 

are  not  valid.  On  the  other  hand,  ample  testing 
already  performed  proves  that  reverse  bending  halves 
rope  fatigue  life.  Attempts  to  extrapolate  these 
test  results  (in  association  with  rope  manufacturers) 
have  given  negative  results. 

2.  The  caps  tan- type  has  a  more  complex  drive  system. 

This  is  due  to  the  necessity  of  driving  the  storage 
drum  as  well  as  the  capstan  pulleys. 

3.  The  zero-moment  feature  of  capstan-type  winches  gives 
them  a  distinct  advantage  over  the  drum  types;  in 
installations  where  this  feature  is  not  required 
(for  example,  where  winches  are  mechanically  coupled 
for  synchronized  operation) ,  the  winch  can  be  installed 
on  a  rigid  mounting.  It  must  be  appreciated  that 

the  configuration  for  capstan  winches  shown  relate 
only  to  a  suspended  winch.  Installation  criteria  may 
dictate  a  design  arrangement  \rtiich  will  be  different 
from  that  shown  and,  providing  the  drum  relationship 
(i.e.,  distance  between  drums  and  lateral  relationship 
of  drums)  is  maintained,  then  they  may  be  rearranged  to 
suit.  For  example, the  three  drums  may  be  mounted  on 
a  common  center  line  and  the  resultant  winch  mounted 
parallel  to  or  recessed  in  the  aircraft  floor. 
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Load  40,000  X  3.75  -  150 

+  6%  Bending  Factor  ■  9 

+  Rope  Weight  (840  x  3.75)  -  3 

+  Hook  Weight  (150  x  3.75)  ■ 

TOTAL  DESIGN  LOAD  ~1?7 

Lift  Height  *  150  feet 

Rope  Size*1.375in4ia. 


Rope  Break  Strength  •  183,400  pounds 

Figure  41*  Single— Point,  Single- Rope 
(150-Foot  Lift). 


,000  pounds 
,000  pounds 
,150  pounds 
562  pounds 
,712  pounds 


Capstan 
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Load  40,000  x  3.75 
+6%  Bending  Factor 
+  Rope  Weight  (681  x  3.75) 

+  Hook  Weight  (150  x  3.75) 
TOTAL  DESIGN  LOAD 
Lift  Height-150'  (300  ft  Hope 
Rope  Size* 1.0 Indian 


-  150,000  pounds 
■  9 , 000  pounds 

«  2 , 554  pounds 

*  _ 563  pounds 

*  162,117  pounds 


Figure  42.  Single- Point,  Single- Reeved  Capstan 
(150-Foot  Lift). 
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Load  per  Capstan  28 , 208  x  3.75 
+6%  Bending  Factor 
+  Rope  Weight  (100*  x  3.75) 

+Hook  Weight  (40  x  3.75) 


*  105,780  pounds 

-  6,347 

-  375 
«  150 


Total  Design  Load 


»  112,652  pounds 


Lift  Height  ■  50  feet 
Rope  Dia.  -  1.0  in 

*Rope  Break  Strength  -  98,200  pounds 


*Although  design  load  exceeds  the  catalog  value  of  98,200,  rope 
can  be  supplied  lin.dia.with  a  break  strength  of  117,000  pounds. 

Figure  43.  Two-Point  Hoist  System  Using  Two  Capstans 
(No  Reeves) • 
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Load  per  Capstan  (28,208  x  3.75) 

+  6%  Bending  Factor 
+  Rope  Weight  (222  x  3.75) 

+  Half  Beam  Assy  Wt  (300  x  3.75) 

Total  Design  Load 

Lift  Height* 50  feat  (100  ft  rope  ) 
Rope  Dia«.875  in. 

Rope  Break  Strength*75,760  Pounds 


■  105,780  pounds 

■  6,347  pounds 

*  833 

m  1,125  Pounds 

■  114,085  Pounds 


Figure  44..  Two-Point  Hoist  System  Using  Two  Capstans  and 
Single-Reeved  Rope. 
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Load  Par  Capstan  15,515  x  3.75 

+6%  Banding  Factor 
♦  Rope  Waight  (92  x  3.75) 

+  Hook  Haight  (40  x  3.75) 

Total  Dasign  Load 

Lift  Haight. 50  fast 
Rope  Si*e-7/8in.  dia. 

Rope  Break  Strength.75,760  pounds 


Figure  45.  Four-Point  Sing  la- Rope 


58,181  pounds 

3,490  pounds 
345  pounds 
150  pounds 

62,166  pounds 


Winch. 
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4.  The  lack  of  rope  traverse  parroita  pracisa  eg  predic- 

tion.  Evan  on  installations  which  usa  a  capstan-type 
winch  as  a  fixed  installation,  this  feature  is  still 
an  advantage  sines  ths  sweep  of  the  rope  on  a  drum 
type  winch  (fleet  angle)  in  "buried"  installations 
requires  structural  clearance.  Any  rope  sweep  .on  a  * 

capstan  winch  is  performed  within  the  winch  envelope 

and  does  not  influence  aircraft  structure. 

5.  Relative  life  of  the  drum  type  appears  better  than 
that  of  the  capstan  type;  however,  adherence  to 
rope  design  criteria  in  design  of  the  capstan  type 
could  eliminate  this  difference. 

6.  The  capstan  type  permits  more  flexibility  in  varying 
rope  lengths  to  fit  conditions. 

Summary  of  Winch  Analysis  (Refer  to  Table  IV) 

The  optimum  design  for  a  20, 000/40, 000- pound  cargo  hoisting 
system  for  use  on  a  heavy-lift  aircraft  is  most  likely  to  be 
realized  by  using  a  capstan-type  winch.  An  analysis  of  wire 
rope  criteria  reveals  that  as  rope  design  loads  approach  75 
tons  and  thereby  dictate  rope  diameters  approaching  1-3/8 
inches,  these  wire  rope  parameters  preclude  the  application  of 
a  one- rope,  one-part  hoisting  system.  Perhaps,  with  the 
development  of  new  materials,  wire  rope  diameters  can  be 
reduced  to  sizes  more  compatible  with  airborne  hoisting  equip¬ 
ment.  It  is  recommended  that  wire  rope  diameters  for  use  on 
optimum-design  aircraft  cargo  hoisting  systems  be  limited  to 
the  7/8-  to  1-inch  range.  It  is  suggested  that  reeved  systems 
be  utilized.  This  would  reduce  the  breaking  strength  require¬ 
ments  of  the  wire  rope  and  thus  permit  the  use  of  rope  diameters 
not  exceeding  1  inch. 


? 
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THK  USE  OF  TAPI  AS  AM  j|— Id  TO  Will  MOW 


Although  wire  rope  is  still  under  a  continuous  process  of 
development,  it  can  be  argued  that  it  is  approaching  a  develop¬ 
ment  limit,  whereas  tape  technology  is  in  its  infancy.  The 
material  development  upon  which  tape  technology  Is  dependent 
has  shown  very  rapid  improvements  over  a  short  time  span. 

This  positive  development  trend  has  led  to  consideration  of 
the  use  of  tapes  for  hoist  system  application. 

The  use  of  tape  in  place  of  rope  in  the  intended  application 
to  HUi  hoist  systems  shows  promise  of  evolving  a  system  which 
would  have  simpler  hardware  and  hardware  which  would  be  more 
compatible  with  installation  on  helicopters  than  conventional 
wire  rope  systems. 

Influence  On  Winch  Design 

Wire  rope  wound  around  drums  requires  the  use  of  a  level-wind 
mechanism  to  ensure  that  the  cable  traverses  the  drum  without 
the  rope  overlapping.  It  is  also  desirable  practice  in  air¬ 
borne  winches  to  have  only  one  layer  of  rope  on  the  drum,  in 
order  to  keep  crushing  forces  from  causing  cable  damage. 

This  condition  results  in  a  long  drum  (dependent  upon  cable 
length),  especially  in  reeved  hoist  systems.  Unless  capstan- 
type  winches  are  used,  the  traverse  movement  of  the  cable 
affects  the  moment  of  the  suspended  load  relative  to  the  eg 
of  the  aircraft;  this  is  an  undesirable  feature. 

Tapes  can  be  wound  upon  themselves  with  no  traverse;  this 
results  in  a  drum  width  little  greater  than  the  tape  width 
(see  Figure  46) . 

Drum  diameter,  when  wire  rope  is  used,  is  dictated  by  rope 
diameter,  i.e.,  bending  stiffness  of  the  rope.  Tape,  by  its 
nature,  can  be  bent  around  smaller  diameters;  however,  tape 
which  wraps  upon  itself  will  result  in  drums  having  overall 
flange  diameters  greater  them  for  rope  drums  (dependent  on 
tape  length) ,  but  any  auxiliary  pulleys  will  be  relatively 
smaller. 

Another  feature  of  tape  is  that  it  can  be  designed  into 
systems  where  change  of  direction  is  desirable  to  obtain  the 
optimum  system  installation.  Since  tape  twists  of  90  degrees 
are  allowable,  the  relatively  narrow  drums  could  be  mounted 
flat  within  the  confines  of  the  helicopter  floor  structure 
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POWSRSD  TAPS  DRUM 
MQUXRBf  VARZABLB  TOSQU1 
TRANSMISSION 


LOW  PSOPXLB  COWDUCIVI  TO 
INSTALLATION  WITHIN  AXRCRAPT 


Figure  46.  Tape  Winch. 


(see  Figures  46  through  48) • 

The  drive  system  required  for  s  tape  winch  differs  from  that 
of  a  single- layer  drum-type  rope  winch  in  that  a -variable 
torque  drive  is  required.  This  is  due  to  the  fact  that  the 
tape  progressively  builds  up  on  the  drum.  This  will  result 
in  a  heavier  drive  system  since  it  must  be  designed  for  the 
fully  wound  drum  case  (i.e.,  maximum  radius),  as  shown  in 
Figure  46.  The  use  of  variable-displacement  hydraulic  motors 
to  give  variable  torque  requirement  could,  however,  be 
designed  out  of  the  winch  by  taking  the  drive  through  capstan 
pulleys  (Figure  47).  This  again  will  add  weight,  and  the  end 
result  might  well  prove  to  be  a  weight  increase  greater  than 
that  required  for  a  variable- torque  drive. 

One  other  unknown  factor  which  must  be  considered  is  that  when 
the  tape  is  progressively  wound  onto  its  drum  under  load,  the 
load  may  cause  unacceptable  distortion  of  the  tape  by  crushing. 
The  employment  of  a  capstan  drive  system  would  solve  this 
problem,  since  the  tape  on  the  drum  would  then  be  only  lightly 
loaded. 

Conclusions  -  Tape 

The  use  of  tape  in  place  of  rope  shows  promise  of  evolving  a 
hoist  system  for  the  future  HUI.  Only  limited  testing  of  tape 
for  winch  applications  has  taken  place  to  date,  and  it  is 
recommended  that  a  complete  review  of  tape  technology  be 
authorized  with  the  object  of  laying  the  foundation  for  a 
qualification  test  program  which  will  establish  the  limiting 
design  criteria  for  tape  application. 


DRIVEN  CAPSTANS 


THRU  FRICTION  DRIVE 
TO  MAINTAIN  TENSION 
ON  TAPE 

LOW  PROFILE  CONDUCIVE  TO 
INSTALLATION  WITHIN  AIRCRAFT 


Figure  47  •  Capstan -Type  Tape  Winch. 
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SUSF1HSI0N  METHODS  FOR  EXTERNAL  LOADS 
Sinai— Point  Suspension 


Singl— point  suspension  (■••  Figure  49)  is  the  simplest  and 
certainly  the  commonest  way  of  carrying  external  loads.  Single¬ 
point  suspension  systems  can  be  divided  into  two  different 
types s  one  incorporating  some  torsional  restraint  of  the  load, 
and  the  other  having  a  swivel  intentionally  introduced  into 
the  system.  Torsional  restraint  of  the  load  is  achieved  by 
attaching  the  load  sling  to  the  cargo  hook  through  a  large 
ring.  The  ring  serves  to  provide  a  base  for  the  sling,  as 
shown  in  Figure  50,  and  reacts  the  torque  into  the  cargo  hook 
in  a  manner  similar  to  the  torque  reaction  of  two  interlocking 
rings  under  tension.  If  the  ring  was  not  used,  the  sling  legs 
would  twist  on  themselves,  thus  limiting  the  centering  action 
to  the  load  and  possibly  damaging  the  sling. 

Occasionally  it  is  necessary  to  lift  a  load  on  a  very  long 
sling,  or  a  very  long  load  on  a  short  sling.  In  either  case, 
when  the  torsional  restoring  moment  afforded  to  the  load  is 
insufficient  to  guarantee  that  rotation  will  not  occur,  it  is 
common  practice  to  install  a  swivel  into  the  system  to  mini¬ 
mize  the  risk  of  damage  to  the  sling.  It  is  also  necessary  to 
install  a  swivel  on  systems  that  use  a  single  cable  or  pendant 
between  the  sling  and  helicopter,  because  a  torsional  load 
applied  to  the  cable  reduces  the  ultimate  tensile  load  by 
changing  the  distribution  of  load  between  individual  stands. 

A  hook  equipped  with  such  a  swivel  is  shown  in  Figure  51. 

If  it  is  necessary  to  carry  aerodynamically  unstable  loads  on 
long  suspensions,  the  load  must  be  either  aerodynamically 
stabilized  or  torsionally  restrained.  An  example  of  an  aero¬ 
dynamically  stabilized  load  is  given  in  Figure  52,  which  shows 
a  CH-47A  transporting  a  damaged  CH-47A  fuselage,  with  the  load 
stabilized  by  use  of  a  drag  parachute.  Stabilization  of  the 
load  by  drag  parachute  takes  time  and  increases  the  total  drag 
of  the  load.  It  is  not,  therefore,  a  suitable  technique  for 
use  in  the  transportation  of  tactical  loads,  where  aircraft 
productivity  is  important.  Loads  may  be  stabilized  with  only 
a  small  drag  penalty  by  the  addition  of  a  vertical  stabilizer 
surface,  but  this  technique  is  unwieldy  due  to  the  size  and 
difficulty  of  attaching  a  surface  of  sufficient  size. 

A  major  factor  in  determining  sling  and  suspension  length  is 
the  phenomenon  known  as  vertical  bounce.  Vertical  bounce  is 
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Figure  49.  Sing Is- Point  Suspension* 


Figure  50,  Cargo  Ring* 
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EASTERN)  ROTORCRAFT  CORP 

dotlestown,  penna 

716  64 

2Q000  LB- CAP  SWIVEL 
MODEL  SW-200  B-N  S P-7103-1 
WITH 

20000  LB  CAP  CARGO  HOOK 
MODEL  2A-200  7VN  SP- 70 70-1 


Figure  51.  Hook  with  Swivel. 
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DRAG  CHUTE 


Figure  52.  Use  of  a  Drag  Chute  to  Stabilize  a  Load. 
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a  vertical  vibratory  motion  of  tha  fusalaga  and  load  at 
approximately  3  to  4  cyclaa  par  aacond  ;  this  may  incraasa  to 
such  intanaity  aa  to  cauaa  tha  pilot  to  jattiaon  tha  external 
load.  Vertical  bounce  ia  not  confined  aolely  to  aircraft 
carrying  external  loads,  but  it  haa  proved  to  be  a  particular 
problem  with  external  loada.  The  problem  ia  aggravated  by 
uaing  a  a  ling  with  a  atiffneaa  auch  that  the  load  natural 
frequency  in  the  vertical  direction  correaponda  to  the  air¬ 
craft  vertical  bounce  frequency.  In  the  past,  the  problem 
haa  been  minimised  by  aelecting  a  ling  materials  and  lengtha 
that  cauae  the  load  bounce  frequency  to  miamatch  with  the 
fuaelage  bounce  frequency.  Army  experience  with  the  CH-47A 
haa  indicated  that,  when  uaing  ateel  rope  »  auapeneion  bounce 
becomea  a  problem  over  a  wide  range  of  lengtha.  Thia  finding 
reaulted  in  the  recommendation  that  only  nylon  a  ling  a  be  uaed. 


Another  approach  to  the  aolution  of  the  vertical  bounce  problem 
waa  taken  on  the  CH-54A  single-point  hoiat  ayatem.  Since  it 
was  neceaaary  to  operate  with  variable-length  auapeneion,  it 
waa  not  poaaible  to  guarantee  that  the  auapeneion  frequency 
would  not  match  the  bounce  frequency.  The  aolution  waa  to 
fit  a  aoft  apring  in  aeriea  with  the  hoiat;  thia  maintained 
a  low  apring  rate  over  the  entire  hoiat  travel.  Thia  ayatem, 
known  aa  a  load  isolator,  haa  minimized  the  problem.  Vertical 
bounce  haa  not  been  encountered  by  the  Army  CH-54A  pilota;  it 
ia  important  to  note,  however,  that  these  pilota  are  all  very 
experienced,  and  they  feel  that  the  ayatem  may  be  unacceptable 
to  an  inexperienced  pilot.  Vertical  bounce  and  load  isolators 
are  discussed  in  detail  in  Reference  1  in  thia  document. 


Multi-Point  Suspension 

The  advantage  of  a  multi-point  suspension  is  in  the  stability 
that  it  affords  to  the  load.  Thia  type  of  suspension  waa 
introduced  on  the  CH-54A  crane- type  helicopter  shown  in 
Figure  53.  The  system  on  the  CH-54A  has  four  hard  points  to 
which  a  load  leveling  and  lifting  system  is  fitted.  The 
system  assembly  consists  of  four  servo  cylinders  mounted  in 
pairs  to  stationary  fittings  on  each  side  of  the  aircraft. 

In  this  design,  the  lower  ends  of  the  servo  cylinders  are 
attached  to  a  hinged  beam  assembly  to  which  cargo  lashing  reels 
are  mounted.  Actuation  of  the  servo  cylinders  raises  or  low¬ 
ers  the  beam  assemblies  and  the  attached  cargo  lashing  reels. 
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Multi-Point  Suspension  of  Armored  Vehicle 
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thus  raising  or  lowering  any  attached  load,  Bach  cargo 
lashing  rssl  has  a  machanical  lock.  Ths  four-point  systsm  was 
dasignsd  to  ha  compatibls  with  a  rsmovabls  pod,  ths  four  points 
bsing  available  for  suspsnding  cargo  whan  ths  pod  is  not 
f ittsd  (sss  Figurs  54) • 

In  practics,  it  is  difficult  to  rsaliss  ths  bsnsfits  of  multi¬ 
point  suspsnsion  with  ths  CH-54A  four-point  systsm.  Ths  four- 
point  suspsnsion  systsm  is  structurally  rsdundant  bscauss  of 
ths  nsar  impossibility  of  achisving  squal  loading  in  ths  lags. 
Unsqual  loading  rssults  in  ons  lag  bsing  loadsd  substantially 
lass  than  ths  othsr  thrss  lags,  or  worss,in  one  leg  being  slack. 
The  CH-54A  system  has  ths  capability  of  "beeping"  small  exten¬ 
sions  of  the  legs  individually  by  means  of  ths  ssrvo  cylinders, 
but  precise  control  cannot  be  maintained.  Furthermore,  a 
suspension  that  has  been  statically  adjusted  is  not  necessarily 
in  balance  in  flight.  The  result  of  uneven  loading  is  mani¬ 
fested  as  a  coupling  of  the  load  motion  in  flight.  That  is 
to  say,  when  the  load  moves  aft  due  to  aerodynamic  drag  forces, 
it  may  also  move  laterally  and  yaw.  Such  a  load  is  difficult 
to  control,  since  the  pilot  must  make  simultaneous  corrections 
at  different  rates  in  all  axes. 

It  is  necessary  to  examine  ths  requirements  of  load  aerodynamic 
stability  in  order  to  determine  the  necessary  features  of  a 
suspension  system  for  stable  high-speed  flight.  Ths  discussion 
in  the  section  entitled  "STABILITY  OF  SLUNG  LOADS"  located  in 
Reference  1  of  this  document  indicates  that  the  primary 
restraining  modes  required  from  a  suspsnsion  system  are  yaw 
and  pitch. 

The  single-point  suspension,  discussed  earlier  in  this  section, 
offers  only  limited  yaw  and  pitch  restraint.  Four- point  sus¬ 
pension  gives  greater  yaw  and  pitch  restraint,  together  with 
increased  roll  restraint.  Three-point  suspension  gives  com¬ 
parable  yaw  restraint  without  structural  redundancy.  Two- 
point  suspension,  oriented  in  a  fore  and  aft  fashion  as  shown 
in  Figurs  55,  provides  the  desired  pitch  and  yaw  restraint, 
and  is  structurally  statically  determinate. 

Multi-point  suspensions  offer  advantages  in  load  stability, 
but  incur  problems  in  load  release.  Each  leg  of  a  multi¬ 
point  suspension  is  equipped  with  a  cargo  hook.  During 
release  of  the  load,  should  any  one  hogk  fail  to  open  and  the 
pilot  attempt  to  take  off,  the  aircraft  could  be  lost.  Figure 
56  illustrates  the  upsetting  moment  that  would  be  created  in 
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Figure  54.  Four-Point  Suspension  Cargo-Lashing  Reels  and 
Leveling  Systea* 
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Effect  of  Partial  Failura  on  Multi- Point 
Suspension* 


such  an  avantuality.  Zt  might  be  argued  that  tha  likelihood 
of  this  happaning  ia  axtramaly  rara.  However,  if  a  hook  ahould 
bacoma  hung  up,  tha  pilot  would  probably  not  notica  it  until 
ha  had  pullad  away  from  tha  load.  At  that  tima  ha  would  aanaa 
tha  upaatting  moment,  but  normal  corracting  procaduraa  might 
wall  compound  tha  problem;  auch  an  axparianca  haa  occur  rad 
with  tha  original  cargo  aling  on  an  H-21  halicoptar. 

Exparianca  with  currant  cargo  hooka  haa  ahown  that  thaaa  ara 
not  100-percent  raliabla  in  ralaaaing  tha  load  on  command; 
hance,thay  ara  fittad  with  aacondary  ralaaaa  machaniama. 

A  warning  ayatam  could  ba  daviaad  to  indicata  whan  ona  hook 
ia  not  ralaaaad;but  if  tha  aircraft  ia  hovaring  while  ralaaa¬ 
ing  tha  load,  a  gust  could  raiaa  tha  aircraft  aufficiantly  to 
cauaa  tha  auapanaion  lina  to  pick  up  tha  load  with  tha  conae- 
quance  daacribad  above.  Thera fora,  without  a  technique  for 
the  poaitive  coupling  of  hook  ralaaaa  machaniama,  multi-point 
auspenaiona  conatituta  a  aafaty  hazard.  A  two-point  auapanaion 
with  a  connecting  beam,  as  shown  in  Figure  57,  shows  promise 
for  a  practical  solution  to  this  problem. 


Figure  57.  Two-Point  Suspension  with  Connecting  Beam. 
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It  has  baan  said  that  tha  only  diffaranca  batwaan  lntarnal  and 
axtarnal  loads  is  that  it  is  possibla  to  jattison  axtarnal 
loads.  It  could  ba  further  argued  that  emergency  release  is 
not  necessary,  but  experience  has  shown  many  times  that  danger¬ 
ous  conditions  can  result  from  load  instabilities.  Therefore, 
an  emergency  release  capability  must  be  included  in  any  load 
suspension  system  that  does  not  rigidly  attach  the  load  to 
the  aircraft  (such  as  a  pod  or  platform)  • 

As  in  the  case  of  the  pilot-controlled  electrical  load  release, 
a  two-point  suspension  with  a  connecting  beam  appears  to 
offer  the  simplest  means  of  positively  coupling  emergency 
release  mechanisms. 

The  requirements  for  ground  personnel  to  attach  a  load  depend 
on  the  method  of  load  acquisition.  If  the  pickup  is  made  with 
the  helicopter  on  the  ground,  one  man  may  connect  all  the 
hooks.  However,  if  a  hovering  pickup  is  made,  one  man  is 
required  to  ensure  attachment  of  each  hook,  in  order  to  prevent 
the  pilot  from  inadvertently  picking  up  a  partially  attached 
load,  which  could  result  in  loss  of  the  aircraft.  In  general, 
the  availability  of  a  multi-point  suspension  will  not  lessen 
the  need  to  sling  the  load,  since  the  majority  of  loads  are 
not  equipped  with  compatible  pickups  points.  It  is  not  usually 
possible  to  provide  such  pickup  points,  because  of  the  diverse 
shapes  of  the  loads. 

Lateral  swing  of  multi-point  suspended  loads  creates  the  same 
aircraft  rolling  moment  experienced  with  single-point  suspen- 
sidh.  Consequently,  unless  it  is  possible  to  attach  the  sus¬ 
pension  at  a  waterline  passing  through  the  center  of  gravity 
(as  in  the  CH-54A) ,  a  curved  beam  (as  used  in  the  CH-47A)  or 
longitudinally  pivoted  winch  should  be  fitted  (  Figure  58) . 
Curved-beam  mechanisms  are  not  feasible  for  four-point  sus¬ 
pensions;  such  systems  are  not,  therefore,  suitable  for  mount¬ 
ing  on  the  bottom  of  a  transport  helicopter.  Two-point  sus¬ 
pensions  may  be  fitted  to  curved  beams  in  exactly  the  same 
manner  as  single-point  suspension  systems  (see  Figure  59)  • 

A  helicopter  equipped  with  a  two- point  suspension  or  hoist 
system  is  able  to  operate  in  a  single-point  mode  by  connect¬ 
ing  both  legs  as  shown  in  Figure  60.  The  angularity  of  the 
legs  increases  leg  loading  and  is  contained  within  the  known 
factor  for  uneven  loading.  The  aforementioned  technique 
actually  provides  a  single- point  system  which  is  an  improve¬ 
ment  over  a  system  using  a  single  pendant,  because  the  tor- 
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Longitudinally  pivoted  winch. 
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sional  restoring  moment  afforded  the  load  is  increased^ 


Figure  60.  Single-Point  Lift  from  Two-Point  System. 


Slina  Load  Isolators 

One  of  the  methods  which  is  available  for  dealing  with  the 
problem  of  sling  load  vertical  bounce  is  the  concept  called 
the  load  isolator.  Schematically,  the  system  consists  of 
a  soft  spring  placed  in  series  with  the  external  load  sling, 

I  between  the  helicopter  and  the  external  load  sling.  Natural 

frequency  of  this  spring  is  designed  to  be  well  below  the 
once-per- rotor  revolution  bounce  excitation  frequency  of 
the  helicopter.  This  dynamically  soft  link  in  the  external 
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load  system  pravanta  tha  axtarnal  load/a  ling  combination 
natural  frequency  from  avar  coinciding  with  tha  rotor  exci- 
tation  fraquancy. 

Thia  can  ba  aaan  by  conaidaring  tha  aquation  for  tha  raaultant 
apring  rata  of  a  aariaa  apring  combination  * 

whara 


■  Raaultant  apring  rata  ( lb/in. ), 

Ki  *  Load  iaolator  apring  rata, 

K2  ■  Sling  apring  rata. 

Whan  a  load  iaolator  ia  used,  is  aaaantially  a  constant. 
Tha  spring  rata  of  tha  sling  (X2)  ia  a  variable  and  can  ba 
any  value.  Tha  raaultant  apring  rata  (K^)  *  than  can  have  a 
range  of 


0  <KR  K  *1  - 


Using  only  tha  linear  theory,  tha  relationship  between  spring 
rata  and  natural  fraquancy  is 


where 


u>  =  Natural  frequency  (rad/sac) , 


Kr 


m 


*  Resultant  spring  rate  (lb/in.). 


*  External  load  mass 


a 


* 


Natural  fraquancy  ia  thus  proportional  to  spring  rate  and  will 
vary  in  a  similar  manner; 

0  <  (Djj  <  Wj 
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where 


wN  =  Resultant  natural  frequency  (rad/sec) , 

wj  «  Load  isolator  natural  frequency  (rad/sec) . 

This  shows  that  the  resultant  natural  frequency  of  any  external 
load  and  sling  in  series  with  a  load  isolator  will  always  be 
less  than,  or  at  most  equal  to,  the  natural  frequency  of  the 
load  isolator  alone. 

The  above  analysis  indicates  the  way  in  which  a  load  isolator 
operates.  However,  there  are  many  considerations  in  defining 
an  operationally  acceptable  system,  such  ass 

1.  Configuration  -  The  load  isolator  must  be  capable 
of  supporting  the  full  static  and  dynamic  weight 
of  the  external  load,  in  addition  to  possessing 
the  required  low  natural  frequency.  Obtaining 

the  proper  natural  frequency  is  a  challenge,  since 
most  helicopters  required  a  load  isolator  natural 
frequency  of  between  two  and  four  cycles  per  second 
over  a  wide  temperature  range  and  with  adequate 
damping.  At  present,  both  pure  liquid  springs  and 
air  springs  are  being  investigated  as  means  of 
providing  the  required  characteristics. 

2.  Adaptation  -  Of  necessity,  the  load  isolator  becomes 
an  integral  part  of  the  helicopter.  This  is  dictated 
by  the  requirement  that  it  be  in  series  with  the 
external  load  and  yet  not  interfere  with  the  hook 
release  system. 

3.  Weight  Penalty  -  Present  load  isolator  designs  with 
capacities  up  to  25,000  pounds  weigh  between  50  and 
150  pounds.  The  addition  of  a  mass  of  this  magnitude 
to  the  weight  of  a  helicopter  must  be  completely 
justified,  particularly  if  it  is  carried  during 
missions  where  external  cargo  is  not  transported. 
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Load  isolators  have  ths  potential  of  becoming  the  complete 
solution  to  sling  load  vertical  bounce.  It  is  premature  at 
present  to  predict  the  success  which  will  attend  efforts  to 
convert  theory  to  reasonable  hardware,  to  meet  reliability 
requirements,  and  to  overcome  resistance  to  the  idea  of  adding 
any  more  heavy  accessories  to  helicopters. 

Hvdropn«umat ic  Load  Isolators 

Figure  61  illustrates  a  self-contained  hydropneumatic  spring 
for  damping  the  vertical  bounce  of  the  load  suspension  cable 
on  the  Boeing-Vertol  CH-47  helicopter.  Similar  devices  can 
be  effectively  designed  into  the  future  heavy- lift  systems 
discussed  in  this  report. 

A  hydropneumatic  system  was  chosen  since  only  this  type  of 
unit  can  meet  the  self-contained  requirements  of  the  spring 
rate  and  temperature  change  specifications.  The  major  factor 
in  using  gas  is  the  fact  that  the  change  curve  for  gas  pressure 
versus  temperature  is  30  times  better  than  the  curve  for  liquid 
pressure  versus  temperature.  In  fact,  the  problem  of  the 
liquid's  contraction  or  expansion  in  response  to  temperature 
changes  is  so  critical  as  to  render  the  liquid  spring  concept 
impracticable.  Another  point  in  favor  of  using  gas  is  the 
consideration  that  the  gas  system  operates  at  a  much  lower 
pressure  than  a  liquid  system.  This  increases  reliability 
and  makes  for  an  extremely  serviceable  unit. 

The  hydropneumatic  spring  concept  makes  use  of  the  compressi- 
ibility  of  gas  to  obtain  the  spring  forces  and  employs  the 
liquid  for  damping  control.  The  gas  and  liquid  are  separated 
in  the  accumulator  by  a  floating  aluminum  separator  piston. 

The  unit  works  as  a  tension  spring,  with  the  preload  force 
obtained  by  the  gas  pressure  acting  on  the  liquid  through  the 
separator  piston  which,  in  turn,  acts  against  the  spring 
force  piston  area.  This  area  is  the  difference  between  the 
cylinder  body  inner  diameter  and  the  piston  rod  outer  diameter. 
As  the  piston  rod  is  extended,  the  liquid  is  pushed  back  into 
the  accumulator,  thereby  compressing  the  gas.  Different 
spring  rates  can  be  obtained  by  varying  the  gas  pressure  and 
the  liquid  volume.  Figures  62  and  63  illustrate  the  minimum 
and  maximum  spring  rates  that  can  be  obtained.  However, 
after  initial  testing,  it  may  be  possible  to  increase  the 
maximum  spring  rate  by  an  additional  15  percent.  An  orifice 
disc  inserted  between  two  flanges  will  provide  a  true  damping 
calibration.  Different-size  orifice  plates  can  be  utilized  for 
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Figure  61.  Hydropneumatic  Load  Ieolator. 
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Figure  62*  Low-Rate  Spring  Curvea. 
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PISTON  DISPLACEMENT  -  IN. 


Figur*  63.  High- Rat*  Spring  Curv*s# 
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damping  variation. 
Air-Spring  Load  laolatora 


Air  provides  the  softest,  most  officiant,  most  easily  con¬ 
trollable  vibration  isolation  medium  known.  An  air  spring 
offers  the  following  specific  advantages! 

1.  A  lower  natural  frequency  than  can  be  practically 
attained  by  any  other  means 

2.  Essentially  constant  natural  frequency  -  the  same 
effective  static  deflection  under  all  conditions  of 
loading 

3.  Leveling  -  an  additional  feature  which  can  be  included 
by  using  an  external  air  pressure  source  to  provide 
the  same  static  height  under  all  conditions  of  loading 

4.  Economy  -  virtually  no  maintenance  and  relatively 
low  initial  cost 

5.  Lowest  weight 

the  major  disadvantages  of  using  an  air  spring  as  a  load 
isolator  in  aircraft  hoist  system  installations  arei 

1.  The  physical  size,  for  a  given  set  of  conditions, 
is  large. 

2.  It  is  essentially  a  compressive  device,  whereas  the 
intended  helicopter  utilization  requires  a  tension 
device.  The  air  spring  can  be  adapted  to  a  tensile 
installation  but  only  at  the  expense  of  an  envelope 
increase. 

In  applications  where  a  winch  system  is  mounted  on  the  air¬ 
craft  floor,  the  air  spring  can  be  used  to  great  advantage. 
However,  its  bulk  precludes  its  use  in  a  suspended  system. 


The  simplest  kind  of  air  spring  is  a  piston  operating  within  a 
cylinder.  Such  springs  were  patented  *and  actually  used  in 
railroad  applications  over  a  century  ago.  Unfortunately,  the 
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sliding  mil  on  the  piston  not  only  lssksd 
but  also  introducsd  considsrsbls  sliding 
friction  that  largely  defeated  the  soft 
ride  that  the  air  springs  were  intended  to 
give*  Such  air  springs  also  have  a  rate 
characteristic  that  leaves  something  to  be 
desired* 

A  nylon-tire-cord-reinforced  rubber  airide 
or  airmount  spring  has  no  sealing  problems 
and  operates  with  practically  no  friction* 

Since  the  effective  area  (discussed  below)  can  be  varied,  the 
rate  characteristics  can  be  carefully  controlled* 

The  important  thing  to  remember  is  that  the  rubber  does  not 
support  the  load.  The  load  is  supported  by  a  column  of  com¬ 
pressed  air.  An  airide  or  airmount  is  a  carefully  designed 
package  which  contains  a  cushion  of  air. 

Three  parameters  control  the  rate  characteristics  of  airide 
and  airmount  springs.  These  aret  (1)  effective  area, 

(2)  internal  volume,  and  (3)  operating  pressure. 

Effective  area  (Ae)  is  determined  by  the  effective  diameter 
<D.)  . 
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The  effective  diameter  of  two  typical  airides  or  airmounts 
is  shown  in  the  sketch  below  and  on  page  93. 


Note:  Airide  and  airmount  are  trade  names  of  the 

Goodyear  Tire  and  Rubber  Company,  Akron,  Ohio. 
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Internal  volume  (V)  is  determined  by  actual  maasursmsnt  of  tha 
airide  or  airmount.  The  volume  increases  as  the  spring  is 
extended  and  decreases  as  the  spring  is  compressed.  The  rate 
of  volume  change  can  be  reduced  by  adding  displacement  or 
reservoir  volume  to  the  spring  system. 


Operating  pressure  (P^  )4 measured  in  PSIG  (pounds  per  square 

inch  gauge) ,  is  determined  by  the  load  (L)  and  the  effective 
area  (Ae)  of  the  airide  or  airmount. 


P 


As  the  airide  or  airmount  is  compressed,  its  volume  (V^)  de¬ 
creases  to  V2  and  its  pressure  (P^)  increases  to  P2 

and  P2  are  expressed  as  absolute,  not  gauge  pressure.) 

SI 

Pi  *  Pi  +  14.7 
a  g 


When  an  airide  or  airmount  extends,  its  volume  increases  and 
the  pressure  decreases.  The  new  pressure  (P2  ),  after  a 

Si 

known  volume  change,  can  be  calculated  according  to  the  General 
Gas  Law, 


1.38 


=  P- 


In  plotting  a  load-deflection  or  rate  curve,  in  order  to  calcu¬ 
late  the  new  spring  load  after  a  volume  change  due  to  spring 
movement,  one  need  only  multiply  the  new  gauge  pressure 
(p2a  -  14.7)  by  the  effective  area.  In  the  case  of  airides  or 
airmounts,  however,  the  effective  area  also  changes  as  the 
spring  moves.  Thus  the  instantaneous  effective  area  at  each 
position  must  be  used  in  calculating  the  new  load  after  a  spring 
movement.  This  is  precisely  the  advantage  of  airides  and  air- 
mounts  over  constant-area  air  springs.  The  manner  in  which  the 
effective  area  changes  for  the  one  type  of  spring  is  illustrated 
on  Pi  ge  93. 


It  s  .ould  be  borne  in  mind  that  the  rate  of  the  airide  or  air- 
mo  .  will  increase  as  the  static  load  increases.  As  a  result, 
the  static  deflection  (L/R)  and  frequency  remain  practically 
the  same.  This  is  precisely  the  advantage  that  airides  and 
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a i mount s  afford  in  a  situation  where  they  are  required  to 
support  a  varying  load.  They  give  essentially  the  same 
isolation  and  ride  characteristics  under  all  conditions  of 
loading.  However,  it  does  necessitate  calculating  the  rate 
for  each  load  involved. 


yr 


r 


Effective  diameters 


Liquid  Soring  Load  Isolators 

The  application  of  liquid  springs  (i.e.,  springs  formed  by 
compressing  oils  volumetrically)  to  aircraft  systems  is  firmly 
established.  They  are  used  extensively  in  aircraft  landing 
gear  struts.  Although  essentially  compressive  devices,they 
can  easily  be  adapted  to  tension  application. 

The  basic  mechanism  of  a  liquid  spring  is  merely  a  cylinder 
into  which  some  form  of  plunger  is  introduced.  The  flow 
across  the  piston  affects  the  shock  absorption  proper  and, 
since  areas  are  large,  the  damping  pressure  difference  is 
not  great.  Recoil  control  requires  a  valve  device  on  the 
piston.  Figure  64  illustrates  the  principle. 

Liquid  Spring  Performance  Problems 

There  is  little  doubt  about  the  reliability  of  the  liquid  spring 
concept,  as  demonstrated  by  millions  of  hours  of  service  on 
aircraft  landing  gears.  One  feature  which  is  not  satisfactory, 
however,  is  the  sensitivity  of  the  units  to  temperature 
changes,  as  reflected  in  volumetric  changes  of  the  liquid. 
Initial  pressurization  of  the  oil  to  2,000  psi  can  eliminate 
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Figure  64.  Liquid-Spring  Shock  Absorber. 


the  backlash  or  free  play  vftiich  will  develop  in  the  unit  at 
low  temperature.  Unfortunately,  this  need  for  pressurization 
neutralizes  some  of  the  inherent  maintenance  advantages  of 
the  design.  However,  load  isolator  constructions  which  com¬ 
bine  a  liquid  spring  with  a  low-pressure  air  chamber  integral 
withthe  isolator  have  the  advantage  that  the  pressurization  can 
be  easily  checked.  Alternatively,  existing  aircraft  hydraulic 
system  pressure  can  be  used  to  effect  the  required  initial 
pressurization.  Such  a  method  has  been  proposed  for  the  load 
isolators  currently  being  developed  for  the  CH-47  helicopter. 
However,  in  this  case  it  was  decided  that  the  hydropneumatic 
system  previously  described  would  be  used.  The  reason  for 
choosing  hydropneumatic  instead  of  a  liquid  spring  was  that 
the  pressures  developed  in  the  liquid  spring  are  in  excess  of 
10,000  psi  as  against  5,000  psi  in  the  case  of  the  hydro¬ 
pneumatic  unit.  Further,  the  hydropneumatic  spring  did  not 
require  an  external  hydraulic  pressure  supply.  Figure  65 
shows  a  simple  tension  load  isolator  schematic. 

Summary  -  Sling  Load  Isolators 

Any  of  the  load  isolator  principles  described  are  considered 
to  be  acceptable  for  airborne  hoist  system  application.  The 


installation  on  tha  halicoptar  will  ba  tha  major  element 
controlling  tha  choice.  Tha  usa  of  capstan-type  winohas 
suspandad  from  a  sing  la  point  dictates  tha  usa  of  aithar  a 
liquid  spring  or  a  hydropnaumatic  type,  whereas  installation 
of  winohas  insida  a  transport-configurad  halicoptar  would  tand 
to  favor  tha  air-spring  typa. 

Table  V  indicates  the  relative  merits  of  the  three  types  of 
isolators  for  the  elements  shown. 


TABLE  V* 

RELATIVE  MERITS  OF  THREE  TYPES  OF  ISOLATORS 


Type 


Weicht 


CQPt 


Relia- 

blUty 


Installation 

Caaplaxltv 


Effl- 

ciancv 


Maintain 

ability 


Hydropneumatic 

Hydraulic 

Air 


2 

1 

3 


1 

1 

2 


1 

2 

2 


1 

1 

4 


2 

2 

1 


1 

2 

3 


*For  element  definition  sea  "Relative  Merits  Of  Hoist  System 
Components  And  Complete  Hoist  Systems"  on  page  178. 
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Figure  65.  Tension  Shock  Absorber. 
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HOIST  SYSTEM  COWS ID1RAT IONS 
Single- Point  Hoi at  Svittmi 

The  basic  purpose  of  a  hoist  system  is  to  enable  the  helicopter 
to  acquire  a  load  from  an  inaccessible  place,  or  to  stand  off 
from  the  load  to  alleviate  downwash  problems.  Another  use 
occurs  in  the  vertical  replenishment  of  warships  operating  in 
high-sea  conditions  where  the  load  is  heaving  and  rolling  with 
the  ship.  Such  a  system  is  fitted  to  the  UH-46  helicopter 
shown  in  Figure  66.  It  may  be  argued  that  these  tasks  can  be 
performed  by  using  a  long  fixed  pendant  attached  to  a  belly 
hook.  There  are  two  reasons  why  this  is  not  done.  First,  in 
many  cases,  the  crew  of  the  helicopter  does  not  know  in  advance 
how  much  pendant  is  required.  Second,  and  more  important,  it 
is  sometimes  difficult  to  fly  with  loads  on  very  long  suspen¬ 
sions. 

Analysis  of  the  Vertol  107  helicopter  hovering  with  large  loads 
on  long  suspensions  (for  a  logging  operation)  indicated  an  un¬ 
stable  swaying  mode  in  hover  (refer  to  the  STABILITY  IN  HOVER 
AND  FORWARD  FLIGHT  section  of  Reference  1  of  this  report) . 

This  instability  has  a  long  periodic  time  which,  while  making 
it  possible  for  the  pilot  to  fly  the  helicopter,  still  pro¬ 
duces  an  unpleasant  sensation.  Stability  in  forward  flight 
depends  on  the  actual  load.  If  the  load  is  aerodynamically 
stable,  the  long  suspension  is  not  usually  detrimental;  however 
for  unstable  loads,  the  cruise  speed  may  be  severely  limited. 
One  problem  with  long  suspensions  is  at  least  partly  psycholog¬ 
ical;  this  is  the  tendency  for  loads  to  make  large  excursions 
at  the  end  of  the  pendant.  Operational  helicopter  crews  are 
not  accustomed  to  seeing  this  and  tend  to  fly  at  reduced 
speeds,  even  though  the  actual  angular  excursions  of  the 
pendant  may  be  the  same  as  those  experienced  with  a  short 
pendant  and  considered  acceptable  (see  Figure  67)  • 

An  important  difference  between  long  and  short  pendants,  how¬ 
ever,  is  that  although  the  loads  on  the  helicopter  may  be  of 
the  same  magnitude,  the  frequency  of  the  oscillations  is 
different.  Long  suspensions  give  rise  to  low-frequency 
motions  which  tend  to  be  very  uncomfortable.  This  is 
discussed  under  STABILITY  IN  HOVER  AND  FORWARD  FLIGHT, 
referenced  above. 

One  of  the  most  useful  attributes  of  a  hoist  system  is  to 
enable  the  helicopter  to  acquire  a  load  on  a  long  line  and 
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then  to  shorten  it  to  the  optimum  length  for  high-speed  flight. 
The  CH-54A  helicopter  is  fittsd  with  s  sing  Is- point  hoist 
systsm  which  utilises  s  winch  of  20 , 000-pound  cspscity  equipped 
with  100  feet  of  cable  to  permit  a  high  hover  over  loads.  A 
load  isolator  was  fitted  to  compensate  for  anticipated  vertical 
bounce  of  the  load?  subsequent  tests  proved  this  to  be  an 
absolute  necessity  for  lifting  maximum-weight  loads.  The 
system  (which  weighs  approximately  980  pounds,  excluding  cable) 
was  originally  fixed  to  the  helicopter.  Subsequently,  the 
winch  was  made  removable,  to  increase  the  capability  of  the 
basic  aircraft  when  the  system  is  not  utilised. 

The  hoist  system  is  mounted  directly  under  the  main  transmis¬ 
sion,  It  consists  of  a  large,  hydraulically  driven, revolving 
drum;  100  feet  of  7/8- inch  steel  rope;  a  cargo  hook;  and  a 
hydraulic  load  isolator.  The  cargo  hook  is  designed  to  support 
loads  of  up  to  20,000  pounds,  although  the  hydraulic  load  iso¬ 
lator  is  restricted  to  17,640  pounds.  Release  of  the  hook  is 
achieved  by  an  electrical  signal  transmitted  through  conductors 
in  the  core  of  the  hoist  rope  •  Emergency  release  is  achieved 
by  rope  cutters  (electrically  triggered  cartridge  cutters) . 

The  single  winch,  which  is  of  the  conventional  type,  is  rigidly 
mounted  to  the  airframe  and  has  a  single  layer  of  rope  ,  only, 
to  avoid  chafing. 

A  single-point  hoist  system  has  load  stability  characteristics 
similar  to  those  of  the  fixed  single-point  suspension  as  dis¬ 
cussed  in  sections  entitled  "SUSPENSION  METHODS  FOR  EXTERNAL 
LOADS"  and  "STABILITY  OF  SLUNG  LOADS"  located  in  Reference  1  of 
this  document. 

Consideration  of  single-point  hoist  systems  with  a  capacity  of 
40,000  pounds  for  the  heavy-lift  helicopter  indicates  that 
further  development  of  current  techniques  is  not  the  answer. 
Discussion  of  cable  and  winch  sizes  in  the  section  entitled 
"WINCHES  FOR  AIRBORNE  HOIST  SYSTEMS"  of  this  document  indicates 
that  such  a  system  would  require  a  1-3/8- inch-diameter  rope  . 
Another  extremely  important  consideration  is  the  effect  of 
rope  flexibility  which,  in  the  case  of  a  1-3/8- inch-diameter 
rope  approaches  that  of  a  1-3/8- inch-diameter  lead  pipe. 

It  is  of  interest  to  consider  the  practice  used  by  commercial 
crane  operators.  Investigation  of  the  cranes  used  in  the  ship¬ 
building  industry  (capacity  to  100  tons)  shows  that  regardless 
of  capacity,  the  maximum-size  rope  used  is  3/4  inch  in  diam¬ 
eter.  The  required  weight  capacity  is  achieved  by  using  a 
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reeved  rope  system.  A  typical  raavad  ropa  syatam  it  illus- 
tratad  in  Figure  68.  A  raavad  system  requires  laas  load  for 
•traightaning  (haadacha  ball)  than  an  aquivalant  single-rope 
syatam.  Tha  waight  of  tha  lowar  block  contributaa  to  tha 
■traightaning  load  and  ao  involves  no  waight  panalty. 

Raavad  ropa  hoist  systams  hava  not  baan  usad  in  tha  past 
bacauaa  thara  hava  baan  no  problams  with  ropa  size.  A  factor 
to  ba  considared  whan  using  raavad  rope  systems  for  single¬ 
point  suspension  is  that  if  tha  lowar  block  is  allowed  to 
rotate,  the  ropes  may  chafe  against  each  other.  Provided  a 
swivel  is  used  and  tha  extension  required  is  not  excessive,  tha 
inherent  restoring  moment  in  the  system  will  inhibit  this 
tendency.  To  establish  feasibility,  it  is  possible  to  compute 
the  maximum  length  of  a  given  system  that  will  not  wind  up  on 
itself.  Reeved  rope  hoist  systems  are  usad  in  pairs  and  are 
fastened  to  a  common  beam.  Winding-up  problems  are  minimized 
by  tha  restraint  provided  by  tha  beam. 

Multi-Point  Hoist  Systems 

The  only  airborne  multi-point  hoist  system  in  existence  is  tha 
four-point  system  built  for  the  CH-54A.  Multi-point  hoist 
systems  are  a  logical  development,  based  on  multi-point 
suspensions  and  single-point  hoists.  The  objective  is  to 
provide  the  load  stability  of  the  multi-point  suspension,  while 
allowing  pickup  from  hover  and  subsequent  hoisting  of  tha  load 
to  an  optimum  position. 

Although  the  CH-54A  four-point  hoist  system  has  yet  to  ba 
evaluated,  it  is  apparent  that  it  will  be  subject  to  problems 
similar  to  those  encountered  in  previous  fjour-point  suspension 
systems;  namely,  structural  redundancy  in  the  lags  and  synchro¬ 
nization  of  the  release  system. 

The  structural  redundancy  could  be  eliminated  by  coupling  two 
adjacent  legs  to  a  single  winch,  as  shown  in  Figura  69,  but 
this  would  require  the  use  of  two  different  types  of  winches. 
This  would  be  expensive  and  would  compound  tha  synchronization 
problems  • 

Release  system  synchronization  is  tha  overwhelming  problem  on 
four-point  suspensions.  The  CH-54A  four- point  hoiat  system  is 
not  equipped  with  a  pilot-controlled  normal  release.  Normal 
release  must  ba  made  by  tha  ground  craw,  and  this  is  vary 
dangerous.  One  advantage  of  a  hovering  pickup  is  that  outsize 
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loads  can  be  acquired  vrtiich  the  aircraft  cannot  straddle.  Ob¬ 
viously,  the  release  must  also  be  made  in  hover  (unless  the 
lines  are  sufficiently  long  to  allow  alongside  landing) .  If 
the  load  is  only  partially  released  and,  because  of  a  gust, 
the  load  is  taken  up  in  the  hooked  legs?  the  helicopter  mry 
overturn.  Emergency  release  of  the  load  on  the  CH-54A  four- 
point  hoist  system  is  accomplished  by  rope  cutters  mounted 
in  the  winches. 

As  in  the  case  of  multi-point  suspension,  analysis  of  various 
multi-point  hoist  systems  indicates  the  two-point  hoist  to  be 
the  simplest  configuration.  An  elementary  two-point  hoist 
system  is  shown  in  Figure  55w  and  a  more  versatile  system  with 
a  connecting  beam  is  shown  in  Figure  70.  Use  of  a  connecting 
beam  bestows  several  advantages /such  as  the  ability  to  lift 

multiple  loads.  It  also  allows  the  hook  release  mechanisms  to 
be  mechanically  interconnected,  which  ensures  hook  release 
synchronization.  Electrical  conductors  for  the  hook  release 
mechanisms  are  brought  to  the  center  of  the  beam  where  they 
are  less  likely  to  become  snagged  by  the  ropes  .  Since  the 
ropes  do  not  then  have  to  contain  conductors,  the  winch 
drums  may  be  less  complex  and  the  overall  system  more  reliable. 


101 


Figure  70.  Two-Point  Hoist  System  with  Connecting 
Beam  and  Four  Hooks. 

When  determining  the  capacity  of  individual  hoist  legs  in  a 
multi- point  suspension,  it  should  be  remembered  that,  in  gen¬ 
eral,  the  load  will  not  be  equally  divided.  Aircraft  eg 
travel  and,  in  the  case  of  the  four-point- system,  the  system's 
inherent  redundancy  will  dictate  winch  design  capacity  (refer 
to  the  section  entitled  " INFLUENCE  OF  AIRCRAFT  CG  TRAVEL  ON 
HOIST  SYSTEM  DESIGN")  . 

PODS  CARRIED  AS  EXTERNAL  CARGO 

The  word  "pod"  as  applied  to  aircraft  was  coined  to  describe 
a  container  which  was  positively  secured  to  the  aircraft 
structure  (first  used  on  the  C-120  aircraft) •  The  philosophy 
was  that  such  pods  could  be  prepacked  and  so  increase  aircraft 
cargo  transfer  productivity.  The  word  was  later  used  to 
describe  a  module  for  the  transportation  of  personnel  on 
flying-crane-type  helicopters  and  became  known  as  a  "people 
pod."  This  pod  was  necessary  to  convert  a  basic  crane-type- 
configured  helicopter  into  a  personnel  carrier.  As  in  the 
first  application,  the  pod  was  positively  secured  to  the 
helicopter  and  possessed  no*  jettison  capability.  The  jettison 
capability  was  not  required  since,  having  a  tall  landing  gear, 
the  helicopter  could  land  with  its  pod. 
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Thus  ths  pod,  as  it  is  known  today,  was  dspsndsnt  upon  ths 
prime  moverfc  having  a  tall  landing  gear  and  a  built-in  mech¬ 
anism  for  acquiring  the  pod  with  the  helicopter  on  the  ground. 
This  technique  is  known  as  a  straddle  pickup  and  requires  the 
pod  to  be  maneuvered  under  the  helicopter.  This  type  of  pickup 
was  practical  provided  the  aircraft  and  pod  were  on  level 
ground;  however,  on  unprepared  terrain,  difficulty  has  been 
experienced  in  acquiring  the  pod.  This  is  in  part  due  to  the 
fact  that  the  alignment  of  four  points  on  an  unwieldy,  rela¬ 
tively  flexible  container  is  difficult  unless  sufficient 
adjustment  (vertical,  lateral  and  longitudinal)  is  provided. 
This  adjustment  capability  has  been  found  to  be  inadequate  on 
crane-configured  helicopters  in  service  today,  unless  the  pod 
is  acquired  on  level,  prepared  terrain. 

Since  this  method  of  attachment  requires  the  helicopter  to 
land  for  pod  acquisition  and  delivery,  any  operations  requiring 
use  of  the  pod  concept  in  its  present  form  will  be  restricted 
to  areas  where  the  helicopter  may  land  on  terrain  level  enough 
for  pod  acquisition.  Such  a  situation  is  incompatible  with  the 
principles  of  true  air  mobility.  To  eliminate  this  operational 
limitation,  one  approach  is  to  treat  the  pod  as  a  suspended 
load,  with  acquisition  being  achieved  by  the  helicopter  from 
hover,  and  the  pod  being  subsequently  hoisted  up  to  the  air¬ 
craft.  Multi-point  suspension  to  give  flight  stability  to  the 
load  will  be  mandatory  for  maximum  productivity.  However,  if 
the  pod  were  designed  with  acceptable  aerodynamic  character¬ 
istics  and  its  eg  maintained  centrally  within  tight  limits, 
there  appears  to  be  no  reason  why  such  loads  could  not  be 
carried  on  a  single-point  system. 

Special  types  of  pods  such  as  radar  units,  medical  units  and 
communication  centers  can  be  classified  as  high-value  loads; 
if  such  a  pod  is  acquired  as  a  suspended  load,  some  method  of 
positively  locking  it  to  the  structure  may  be  considered 
necessary.  An  aircraft  configured  with  a  tall  landing  gear 
would  allow  delivery  of  the  load  from  hover  or  by  landing;  also, 
in  the  event  of  an  emergency,  it  could  land  with  the  pod.  How¬ 
ever,  if  the  aircraft  is  configured  as  a  transport  (i.e.,  with 
short  gear) ,  then  embodiment  of  emergency  jettison  capability 
for  the  pod  becomes  mandatory. 

A  four-point  hoist  system  used  for  pod  acquisition  will  be 
subject  to  the  requirements  discussed  in  the  section  entitled 
"SUSPENSION  METHODS  FOR  EXTERNAL  LOADS."  Essentially } this 
calls  for  synchronized  release  of  four  cargo  hooks  by  elec- 
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trical  mode  (normal)  and  also  by  manual  (emergency)  mode. 

During  acquisition  from  hover ,  the  physical  attachment  of  the 
pod  to  the  hoist  system  will  require  four  men  (one  to  each 
point)  in  order  to  ensure  simultaneous  attachment  of  hooks. 

This  simultaneous  attachment  is  necessary  in  the  interest  of 
flight  safety,  since  the  helicopter  is  subject  to  movement 
in  all  directions  if  gust  conditions  are  present.  Further,  « 

considerations  of  safety  will  also  dictate  that  sufficient 
wire  rope  slack  be  present  to  compensate  for  helicopter  move¬ 
ment.  (For  normal  loads,  this  working  slack  is  obtained  by 
the  load  sling.)  t 

Conclusions  -  Pods  Carried  as  External  Cargo 

The  following  conclusions  are  relevant  to  the  carrying  of 
pods  as  external  cargo: 

1.  Hover  pickup  of  pods  by  means  of  a  multi-point  hoist 
system  will  provide  optimum  operational  capability. 

2.  A  four-point  system  will  require  twice  the  number  of 
•  ground  personnel  required  by  a  two-point  system. 

3.  A  single-point  pickup  is  possible,  but  the  system 
suffers  from  the  flight  limitations  characteristic 
of  this  mode. 

4.  When  pods  are  carried  as  suspended  loads  on  transport 
helicopters,  jettison  capability  should  be 
mandatory. 

5.  If  personnel  are  carried  in  the  pod  or  if  the  pod 
is  considered  to  be  of  high  value,  then  provision 
must  be  made  for  positively  locking  it  to  the  air¬ 
craft  structure. 

6.  The  simplest  acquisition  will  be  achieved  by  treating 
the  pod  as  a  slung  load. 


* 
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THE  INFLUENCE  OF  HELICOPTER  SAFETY  OF  FLIGHT  CRITERIA  ON  THE 
DESIGN  OF  AIRBORNE  HOIST  SYSTEMS  ’  ~  —  ' 


Operational  experience  gained  during  the  evolution  of  external 
suspension  systems  for  helicopters  has  resulted  in  certain 
requirements  becoming  mandatory  in  the  interest  of  flight 
safety,  as  detailed  in  the  following  paragraphs. 

Release  of  the  Suspended  Load 

The  release  of  the  load  shall  be  under  the  prime  control  of 
the  pilot  and  copilot,  and  shall  be  accomplished  by  an  elec¬ 
trical  signal  to  either  an  electrical  or  a  hydraulic  actuator? 
this  release  shall  take  no  more  than  one-half  of  one  second 
from  the  moment  of  initiation  to  release  of  the  cargo  (refer 
to  Reference  9) .  This  mode  of  release  is  called  "normal 
release."  Also,  an  emergency  release  under  pilot  or  copilot 
control  shall  be  installed  to  provide  for  electrical  system 
failure.  The  actuating  device  and  the  system  for  transmitting 
this  emergency  release  command  to  the  hook  mechanism  shall  be 
independent  of  their  counterparts  in  the  normal  release  system. 
The  emergency  release  system  may  be  a  completely  independent 
system.  Lanyards  shall  not  be  employed  for  emergency  release. 
A  manual  means  of  release  shall  be  provided  on  the  hook  for 
convenient  use  by  ground  personnel. 

The  following  controls  shall  be  provided  for  operation  of  the 
cargo  hook  system: 

1.  Control  Panel  -  A  control  panel  for  the  use  of  the 
pilot  and  copilot  shall  be  provided  and  shall  con¬ 
tain  controls  and  indicators  as  set  forth  below. 

The  panel  shall  be  in  accordance  with  Specification 
MIL-C-6781. 

2.  Release  Mode  Switch  -  The  release  mode  switch  shall 
be  a  guarded,  three-position  switch  in  accordance 
with  MIL-S-3950?  it  shall  provide  for  selection  of 
the  type  of  release  and  shall  act  as  the  master 
switch  for  the  system.  When  in  the  center  or  SAFE 
position,  the  normal  hook  operating  system  shall  be  s 
de-energized  through  the  upper  or  normal  release 
switches.  In  the  lower  or  AUTOMATIC  position,  the 
hook  system  shall  be  in  the  automatic-release  con¬ 
dition.  The  guard  shall  not  affect  the  switch  when 
opened,  but  shall  return  it  to  the  SAFE  position 
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from  either  side  when  closed.  The  guard  shall  be 
in  accordance  with  Specification  MIL-G-7703. 


3.  Remote  Station  Select  Switch  -  This  switch  shall  be 
a  two-position  switch  which  will  permit  normal 
release  by  the  pilot  or  copilot  when  set  in  one 
position,  and  by  the  pilot,  copilot,  or  crew  chief 
in  the  cargo  compartment  when  set  in  the  other 
position.  The  switch  shall  be  in  accordance  with 
Specification  MIL-S-3950. 

« 

4.  Emergency  Release  Control  -  An  emergency  release 
control,  to  actuate  the  emergency  release  system, 
shall  be  provided.  This  control  shall  require  a 
positive  action  to  actuate  it  and  shall  not  be 
liable  to  inadvertent  actuation  through  being 
bumped  or  snagged  by  any  personnel  or  their  equip¬ 
ment. 

5.  Indicators  -  The  control  panel  shall  contain  two 
indicator  lights.  The  first  shall  be  an  amber 
light,  illuminated  when  the  hook  system  is  in  the 
automatic  touchdown  condition;  the  second  shall 

be  a  red  light,  illuminated  when  the  hook  load  beam 
is  in  an  unlatched  condition.  These  indicators 
shall  be  in  accordance  with  Specification  MIIr-b-7961 
and  shall  have  a  dimming  feature. 

6.  Normal  Release  Switches  -  Normal  release  switches 
shall  be  provided  for  the  pilot,  copilot  and  crew 
chief.  The  switches  for  the  pilot  and  copilot  shall 
be  of  the  pushbutton  type  and  shall  be  suitable 

for  location  on  their  cyclic  sticks.  These  switches 
shall  be  in  accordance  with  Specifications  MIL-S-6744 
and  MIL-S-6743.  The  normal  release  switch  for  the 
crew  chief  shall  be  a  hand -firing  key,  or  pickle,  , 

in  accordance  with  NAF1174-1  or  equivalent. 

7.  Interconnection  Provisions  -  Interconnecting  cabling, 

piping,  or  other  provisions,  including  all  connectors  * 

and  other  components,  shall  be  provided  as  required 

for  complete  system  operation.  These  provisions 
shall  permit  the  hook  to  be  located  at  any  suitable 
distance  from  the  control  panel.  Provisions  for 
connection  to  the  crew  chief's  firing  key  shall  be 
made  at  a  position  near  the  hook.  All  electrical 
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wiring  and  cabling  shall  be  in  accordance  with  Spec¬ 
ification  MIL-W-5088.  All  electrical  connectors  are 
to  be  in  accordance  with  Specification  MIL-C-5015. 
Other  systems  shall  be  in  accordance  with  applicable 
MIL  specifications  or  equivalent. 

The  requirements  of  the  foregoing  criteria  have  been  success¬ 
fully  met  and  embodied  on  helicopters  already  in  the  military 
inventory  which  employ  a  single-point  suspension  system;  e.g., 

the  CH-34,  CH-46,  and  CH-47. 

* 

Sinale-Point  Hoist  Requirements 

The  introduction  of  a  single-point  hoist  system  compounds  the 
hook  release  problem.  First,  electrical  conductors  must  chase 
the  hook  up  and  down;  this  has  been  resolved  by  having  the 
electrical  conductors  integral  with  the  hoist  rope.  For  their 
protection, these  conductors  are  buried  in  the  core  of  the  wire 
rope  during  manufacture,  which  means  that  they  are  subject  to 
alternate  bending  and  straightening  as  the  rope  winds  on  and 
off  its  storage  drum  -  a  fatigue  condition,  as  shown  in 
Figure  71. 

Second,  the  hook  (now  suspended  on  a  single  rope)  has  no 
torsional  restraint;  this  can  result  in  rope  unwinding.  How¬ 
ever,  to  prevent  this  condition,  a  swivel  is  fitted  between 
the  hook  and  rope  which  prevents  rope  windup  but  creates 
electrical  conductor  discontinuity.  This  problem  is  resolved 
by  incorporating  slip  rings  in  the  hook  swivel.  The  same 
method  is  used  to  provide  continuity  between  the  rope  storage 
drum  and  the  aircraft  electrical  system  (see  Figure  72)  . 

Direct  manual  emergency  release  is  impractical  on  a  single¬ 
rope  hoist  system.  However,  a  compromise  employing  a 
cartridge-activated  gas  generator  system  has  been  introduced 
by  Eastern  Rotorcraft,  Incorporated,  Doylestown,  Pennsylvania. 
In  this  system,  gas  is  used  to  drive  a  piston  which  in  turn 
effects  "manual"  release  of  the  hook.  However,  the  cartridge 
is  electrically  fired,  the  electrical  conductors  having  to 
travel  over  the  same  route  as  those  required  for  hook  release. 
As  an  additional  safety  measure,  cartridge-type  cable  cutters 
are  usually  embodied  on  the  wire  rope  adjacent  to  or  integral 
with  the  winch;  this  system  is  electrically  actuated  under 
pilot/copilot  control.  Use  of  the  cutters  destroys  the  hoist 
rope,  preventing  the  helicopter  from  carrying  external  loads 
until  the  rope  is  replaced. 
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Different  radii,  1*2'  c*vise  alternating  loads  in  conductors 
during  winding  in  and  out  on  winch  drum. 


Figure  71. 


Effect  of  Winding  on  Drupn  a  Wire  Rope  Containing 
a  Core  of  Electrical  Conductors. 
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Figura  72.  Singla-Ropa  Hoist  Sy«t< 


If  the  recommendation  that  wire  rope  for  airborne  hoiet 
eyateme  not  exceed  1  inch  in  diameter  is  adhered  to, 
then  it  will  be  necessary  to  resort  to  a  reeved  rope  system 
for  those  cases  which  require  hoisting  capacity  in  excess  of 
that  provided  by  rope  of  this  size. 

In  a  reeved  system,  there  is  no  positive  continuity  between  the 
wire  rope  and  the  hook  (i.e.,  the  continuity  is  via  a  pulley); 
this  negates  the  use  of  electrical  conductor  circuits  integral 
with  the  hoist  rope.  The  required  electrical  conductors  must 
therefore  be  run  separately  from  the  wire  rope.  This  can  be 
achieved  by  the  use  of  a  constant-tension  storage  reel  which 
automatically  allows  the  electrical  conductor  cable  to  chase 
the  hook  as  the  hoist  is  raised  or  lowered.  Because  winding 
up  of  the  rope  system  is  not  acceptable,  the  use  of  a  slip  ring 
between  the  hook  and  the  lower  rope  reeve  pulley  block 
(Figure  68)  becomes  mandatory.  Since  the  electrical  circuits 
are  now  divorced  from  the  hoist  rope  and  a  requirement  for 
slip  rings  in  the  winch  is  eliminated,  a  more  reliable  system 
will  result. 

Multl-Pgint  flaiii  BtauAjuagnU 

The  problem  of  load  release  in  multi-point  suspension  systems 
is  further  compounded  by  having  to  release  all  hooks  in  the 
system  simultaneously  while  still  satisfying  the  requirements 
for  normal  and  emergency  release  under  pilot/copilot  command. 
The  reason  for  this  specific  requirement  can  be  justified  by 
consideration  of  the  purpose  of  multi-point  suspension  as 
against  that  of  single-point.  The  single-point  system,  due  to 
load  instabilities,  restricts  the  helicopter  to  slow, relatively 
unproductive  forward  flight.  To  stabilize  the  suspended  load 
in  forward  flight,  it  becomes  necessary  to  use  multi-point 
suspension.  The  relative  efficiency  of  a  multi-point  system 
is  influenced  by  the  base  length;  the  larger  the  base, the  more 
stable  the  load.  The  resultant  base  length  will  spread  outside 
the  acceptable  limits  of  helicopter  eg  travel > so  that  unsyn¬ 
chronized  release  of  the  load  will  cause  an  upsetting  moment 
to  act  upon  the  helicopter  -  a  serious  hazard  to  flight  safety. 

Since  release  synchronization  in  the  specified  modes  is  manda¬ 
tory,  it  follows  that  some  form  of  mechanical  interconnect  will 
be  required  between  all  hook  release  systems.  This  can  only  be 
achieved  by  terminating  the  lower  ends  of  the  multi-point 
suspension  system  in  a  structural  element  which  will  inter¬ 
connect  the  hook  release  systems  mechanically.  As  in  the  case 
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of  a  reeved  single-point  hoist  system,  the  electrical  conductors 
for  hook  release  will  be  rigged  independently  from  the  hoist 
ropes.  Such  beam  systems  are  shown  in  Figures  73  and  74.  The 
release  coupling  on  a  two-point  system  is  shown  in  more  detail 
in  Figure  75.  It  will  be  noted  that  both  normal  and  emergency 
modes  can  be  achieved,  and  the  number  of  hooks  on  the  beam  is 
not  necessarily  restricted  to  two.  The  application  of  a 
similar  feature  to  a  four-point  system  is  shown  on  Figure  76. 

The  four-point  beam  system,  because  of  its  physical  spread, 
will  be  approximately  twice  the  weight  of  the  two-point  system 
for  the  same  load  capacity. 

The  introduction  of  a  beam  feature  into  multi-point  systems 
permits  the  use  of  reeved  ropes  and  eliminates  their  tendency 
to  wind  up  on  themselves,  thus  making  the  use  of  swivels 
unnecessary. 

The  problem  of  ensuring  flight  safety  in  the  event  of  breakage 
of  a  hoist  rope  or  runaway  of  one  winch  can  also  be  resolved 
by  using  the  beam  feature.  The  electrical  conductor  cable 
reel  can  be  designed  to  have  an  inertia-activated  lockout  so 
that  in  the  event  of  rope  failure  all  hooks  will  be  automati¬ 
cally  opened,  thus  releasing  the  load  before  upsetting  moments 
are  transmitted  to  the  helicopter  (see  Figure  77). 

An  undesirable  feature  of  a  two-point  system  with  beam  is  that 
if  the  total  helicopter  load  acquisition  system  comprises  a 
single-point  system  plus  a  two- point  system,  the  beam  of  the 
two-point  will  interfere  with  the  single-point  system  (see 
Figure  78).  To  eliminate  this  interference, the  two-point  beam 
will  have  to  be  designed  to  provide  clearance  for  the  single¬ 
point  system,  as  shown  in  Figure  79.  This  modification  may 
also  be  used  to  provide  lateral  restraint  for  the  beam  if  it 
is  decided  that  the  beam  should  be  physically  locked  to  the 
aircraft  structure  in  its  up  position,  in  order  to  provide 
suspension  system  redundancy* 

Serious  consideration  should  be  given  to  the  fact  that  a  two- 
point  suspension  hoist  system  can  be  used  for  the  single-point 
pickup,  as  shown  in  Figure  80.  By  adopting  this  method,  the 
normal  electrical  release  can  be  achieved  both  at  the  single¬ 
point  hook  and  at  the  two-point  hook.  Since  emergency  release 
will  also  be  available  at  the  two-point  hooks,  the  flight 
safety  requirements  for  load  release  by  pilot/copilot  will  be 
exceeded.  The  elimination  of  a  separate  single-point  system 
means  a  reduction  of  approximately  2000  pounds  in  helicopter 
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Figure  77.  Emergency  Due  to  Rope  Breaking. 
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Figure  78.  lottos  View  of  Helicopter  Showing  Two-Point 
loan  Interfering  with  Single-Point  Syetes. 


Figure  79.  Bottom  View  of  Helicopter  Showing  Two-Point 
Beam  Modified  to  Clear  Single-Point  System. 
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hoist  systsm  wsight  plus  ths  sliminstion  of  s  oomplsts  hoist 
systsm  from  inventory ,  Hows vs r,  if  two  ssparats  systsms  ars 
smbodisd,  i.s.,  singls-point  plus  multi-point,  ths  hslicoptsr 
can  still  bs  utilissd  as  an  sxtsrnal  load  carrisr  in  ths  svsnt 
that  ons  systsm  bscomss  inopsrativs.  Ths  qusstion  is,  thsrs- 
fors,  whsthsr  ths  wsight  and  cost  of  two  diffsrsnt  hoist 
systsms  can  bs  justifisd.  A  four-point  systsm  with  bsam 
could  also  bs  ussd  in  a  sing  Is- point  mods. 


SYNCHRONIZATION  OF  MULTI -POIN?  HOIST  SYSTEMS 


Four -Point  Suspension  Background 

Helicopter-mounted  four-point  suspension  systems  originated 
with  the  CH-54A  crane-type  aircraft,  to  meet  the  requirement  to 
attach  a  pod-type  load.  Known  as  a  "load  leveler,"  this  system 
can  be  operated  only  while  the  aircraft  is  on  the  ground. 

The  load  leveler  system  consists  of  four  hydraulic  jacks,  each 
one  fixed  at  its  upper  end  to  the  aircraft  structure  and  at  its 
lower  end  to  an  individual  cargo-attaching  device.  Each  cargo 
attaching  device  has  two  uses:  first,  it  embodies  lugs  to  which 
a  pod  may  be  rigidly  bolted  and,  second,  it  mounts  a  lashing 
reel  from  which  cable  may  be  pulled  and  attached  to  the  load. 
Excess  cable  may  be  wound  back  onto  the  reel,  but  this  device 
is  not  used  to  hoist  the  load. 

The  load  is  attached  while  the  aircraft  is  on  the  ground  and  is 
then  lifted  clear  of  the  ground  by  the  aforementioned  hydraulic 
jacks  (additional  lift  is  obtained  by  means  of  a  kneeling 
landing  gear) .  When  the  cable  from  the  lashing  reels  is  used 
to  attach  a  vehicle  or  other  irregularly  shaped  load,  it  is 
possible  for  different  lengths  of  cable  to  be  required  at  each 
corner.  In  this  case,  the  load  is  lifted  by  the  four  jacks  and 
any  slack  in  one  cable  is  taken  out  by  "beeping"  the  applicable 
jack  control. 

However,  operational  experience  (reported  by  D.  Harding  and 
G.  Wilson  on  a  trip  to  Ft.  Benning  -  478th  Flying  Crane  Company) 
with  this  system  has  indicated  a  need  to  continually  trim  the 
load  suspension  in  flight.  This  is  due  to  twisting  of  the 
airframe  and,  possibly,  the  load  under  different  flight  condi¬ 
tions.  If  the  suspension  is  not  trimmed  and  one  cable  is 
allowed  to  remain  slack  in  flight,  experience  has  shown  that 
undesirable  stability  and  flight  safety  conditions  ensue.  The 
load  has  a  tendency  to  teeter  about  the  diagonally  opposite 
tight  cable,  giving  rise  to  shock  loads  in  the  slack  cables. 

If  the  suspension  cables  are  not  parallel  (and  this  generally 
will  be  the  case,  since  most  loads  will  have  different  hoisting 
point  locations) ,  aerodynamic-drag-induced  longitudinal  motions 
will  couple  with  and  induce  motions  in  other  directions,  such 
as  lateral  swing,  yaw  and  pitch  motions.  Generally,  these 
individual  oscillations  Will  occur  at  different  frequencies; 
thus,  when  added  together,  their  net  effect  on  the  helicopter 
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is  a  random  upsetting  force.  While  it  is  possible  for  a  pilot 
to  control  a  simple  periodic  upsetting  force,  it  is  extremely 
difficult  for  him  to  control  a  random  upsetting  force.  Zn  a 
heavy  lift  helicopter,  where  the  weight  of  the  external  load 
may  approach  that  of  the  helicopter,  it  is  imperative  that  the 
load  dynamic  behavior  be  both  stable  and  predictable. 

Quantitative  analysis  of  the  above  phenomena  is  very  complex 
and  would  be  of  questionable  value  without  the  inclusion  of  a 
pilot  in  the  loop.  Simulation  of  the  condition  would  also  be 
of  questionable  value  unless  the  pilot  could  be  subjected  to 
the  aircraft  acceleration.  It  would  seem,  therefore,  that  the 
operational  experience  obtained  with  the  CH-54A  is  the  only 
reliable  information  that  currently  exists  on  handling  qualities 
of  helicopters  with  unevenly  loaded  four-point  suspensions. 

As  previously  stated,  this  experience  indicates  that  such  a 
loading  condition  is  undesirable  and  should  be  avoided. 

Mechanics  of  Four-Point  Suspension 

One-,  two-,  and  three-point  suspensions  are  statically  deter¬ 
minate  structures.  That  is  to  say,  the  load  in  each  suspension 
leg  is  fixed  and  may  be  determined  from  knowledge  of  the  load 
and  the  suspension  geometry.  Four-point,  or  more-than-four- 
point,  suspensions  are  structurally  redundant  and  therefore 
statically  indeterminate.  This  means  that  the  loads  in  the 
individual  suspension  legs  may  not  be  determined  from  knowledge 
of  the  load  and  suspension  geometry.  All  that  can  be  said  of 
the  loading  is  that  the  total  load  rolling  and  pitching  moments 
may  be  established  together  with  the  equations  governing  the 
relationship  between  loads  in  the  individual  legs.  Total 
solution  of  the  problem  and,  hence,  definition  of  the  individual 
loads  can  be  performed  only  by  analysis  of  the  system  stiffness 
and  compatibility  conditions  in  the  same  way  that  a  typical 
redundant  aircraft  structure  is  analyzed.  This  requires  that 
the  length,  stiffness,  and  position  of  each  structural  element 
be  known  -  a  condition  that  is  not  easily  satisfied  for  this 
problem. 

It  can  be  shown,  however,  that  there  are  an  infinite  number  of 
load  distributions  that  can  satisfy  the  problem  boundary 
conditions,  which  are: 
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ROPE  TENSION 


-“iri*™ in  Jit!*  xtAi  Ju^nSZki*  -  f  t  \ 


EV  -  o  -  A+B+C+D-40,000 
EMp  ■  o  ■  Aa+Ba-Ca-Da 
EMr  -  o  ■  Ab-Bb+Db-Cb 

This  conclusion  must  be  modified  in  the  caae  of  a  cab  la  sus¬ 
pension*  ainoa  tha  ropa  cannot  carry  compression  loads,  tha 
limiting  caaa  is  whan  ona  oabla  bacomaa  slack.  Loadings  that 
satisfy  tha  abova  boundary  conditions  may  vary  as  shown  in 
Examples  1,  2,  and  3,  contained  in  Figures  81,  82,  and  83 
respectively. 

It  must  be  emphasized  that  all  loading  distributions  within  tha 
range  shown  entirely  satisfy  tha  equilibrium  conditions. 

Complete  understanding  of  the  above  analysis  is  a  prerequisite 
to  the  design  of  four -point  suspension  systems. 


A 


C 
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Typical  load 
distribution 


Range  of  load 
distributions 


Figure  81.  Load  Distribution  on  Four-Point  System 
(Example  1) • 
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Changea  of  the  load  distribution  within  the  possible  extremes 
are  effected  by  altering  the  length  of  one  leg.  The  amount  of 
load  change  for  an  incremental  change  in  length  is  a  function 
of  system  stiffness.  If  the  system  is  very  stiff,  a  small 
change  in  length  will  result  in  a  large  load  change  and  vice 
versa.  As  previously  stated,  operational  experience  with  the 
CH-54A  load  leveling  system  has  indicated  that  it  is  difficult 
to  maintain  a  trim  condition  that  ensures  that  all  cables  re* 
main  tight.  This  is  probably  because  the  system  is  stiff ,and 
changes  in  leg  length,  due  to  airframe  windup  in  flight,  result 
in  slack  ropes  . 

There  are  two  solutions  to  this  problem.  The  first  is  to  make 
the  system  sufficiently  soft  to  minimize  the  effect  of  airframe 
windup.  However,  if  this  is  accomplished  by  adding  equal  linear 
springs  in  series  with  the  individual  legs,  coupled  bounce-roll* 
pitch  vibrations  can  result.  Provided  the  spring  rate  is 
sufficiently  low,  these  will  not  be  divergent  in  nature  (they 
should  not  be  confused  with  the  vertical  bounce  phenomena),  but 
they  will  give  rise  to  undesirable  aircraft-disturbing  forces. 

An  acceptable  solution  may  be  found  by  using  constant*height  or 
self*leveling  air  springs,  as  fitted  in  typical  truck  and  bus  air 
suspension  systems.  The  advantage  in  this  technique  is  that  the 
bounce  frequency  is  maintained  substantially  constant  irrespec* 
tive  of  load  or  load  distribution;  thus,  bounce-pitch-roll  coupled 
motions  due  to  varying  spring  rates  are  eliminated.  Manual  con¬ 
trol  of  individual  leg  lengths  is  still  required  with  this 
system,  as  the  basic  load  distribution  is  still  a  function  of 
leg  length,  although  the  trim  sensitivity  is  reduced. 

The  analogy  between  four-point  load  suspension  and  road  vehicle 
air  suspension  is  interesting,  since  the  problem  of  redundancy 
affects  the  vehicle  in  a  similar  way.  In  the  early  days  of 
self-leveling  air  suspensions,  each  spring  was  fitted  with  a 
separate  air  supply  and  leveling  valve.  This  resulted  in  a 
varying  load  and  stiffness  distribution,  as  described  above  for 
load  suspensions.  This  situation  was  unacceptable  to  vehicle 
designers, so  the  solution  they  devised  was  to  interconnect 
either  the  two  front  or  the  two  aft  springs. 

The  technique  of  equalizing  the  loads  in  two  adjacent  legs  is 
the  only  logical  way  of  automatically  maintaining  cable  tension. 
It  has  been  suggested  that  it  is  only  necessary  to  ensure  that 
all  legs  are  carrying  at  least  a  nominal  load  and  that  this  may 
be  achieved  by  putting  a  minimum  initial  pressure  into  the 
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load-leveling  jacks.  Mo  logical  method  exists,  however,  of 
deciding  just  What  this  nominal  load  should  be.  The  fact  that 
the  lifted  load  may  vary  from  sero  to  40,000  pounds  make  this 
problem  particularly  acute. 

The  problems  of  an  automatic  load-leveling  system  are  not  quite 
as  simple  as  those  connected  with  road  vehicle  suspension  since, 
in  general,  the  vehicle  designer  knows  which  end  of  the  vehicle 
is  most  heavily  loaded.  The  importance  of  this  is  illustrated 
in  Example  3  (Figure  83)  above,  where  the  eg  is  offset  laterally. 
Load  equalization  can  be  achieved  only  at  the  lightly  loaded  end. 
Attempts  to  equalize  the  load  at  the  heavy  end  may  result  in 
overturning  of  the  load.  It  can  be  concluded,  then,  that  if  an 
automatic  load  leveling  system  is  desired, it  must  include  load¬ 
sensing  devices  and  a  control  system  which  will  enable  the  load 
to  be  lifted  with  the  load  equalization  locked  out  in  order  to 
determine  first  the  least  heavily  loaded  end.  The  equalization 
mode  may  then  be  automatically  selected.  Operationally,  this 
could  take  the  form  of  a  RAISE  button  at  the  loadmaster  location 
which  would  first  be  pushed  and  held  to  acquire  the  load  and 
then  released  to  effect  load  equalization. 

Four-Point  Hoist  System  Synchronization 

While  the  foregoing  discussion  was  based  on  four-point  load 
levelers,  it  applies  equally  to  four-point  hoist  systems.  In 
the  following  paragraphs  three  alternative  systems  for  synchro¬ 
nized  operation  of  a  four-point  hoist  system  are  described. 

These  are:  (1)  hydromechanical,  (2)  hydraulic,  and  (3)  electri¬ 
cal  winch  drive  and  control  systems. 

Hydromechanical  Winch  Drive  and  Control  System  for  a 
Four- Point  Hoist  System 

Two  versions  of  a  hydromechanical  winch  drive  and  control 
system  suitable  for  a  four-point  hoist  system  are  shown  in 
Figures  84  and  85;  these  are: 

1.  A  mechanical  planetary  gearbox  with  hydraulic 
speed  adjustment  and  on-off  clutch  action. 

2.  A  differential  gearbox  with  hydraulic  differ¬ 
ential  speed  adjustment  and  locking  action. 

In  both  cases,  the  object  is  to  provide  a  drive  from  a 
common  power  source  to  all  four  winches  through  mechanical 
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Figure  84.  Hydromechanical  Winch  Drive  and  Control  System 
for  a  Four- Point  Hoist  System. 


x  WINCH  DRUM 

FRICTION  BRAKE 

MECHANICAL  PLANETARY 
GEARBOX  WITH  HYDRAULIC 
SPEED  ADJUSTMENT  AND 
ON-OFF  CLUTCH  EFFECT 

SEE  NOTE 
RNATIVEi  DIFFERENTIAL  GEARBOX 


NOTE!  WHEN  THE  HYDRAULIC  PUMP  IS  SIT  TO  ISRO  DISPLACE¬ 
MENT,  THE  FLUID  IN  THE  CIRCUIT  IS  TRAPPED  AMD  THE 
HYDRAULIC  MOTOR  IS  STATIONARY.  THIS  KEEPS  FIXED 
THE  RING  GEAR  OF  THE  PLANETARY  GEARING  AMD  THE 
SET  WORM  AS  A  FIXED-RATIO  GEARING.  ANY  OTHER 
PUMP  STROKE  8ETTIMG  WILL  CAUSE  ROTATION  OF  THE 
MOTOR  AND  SPEED  INPUT  TO  THE  RIMG  GEAR  (IN  EITHER 
DIRECTION  OF  ROTATION  WHEN  THE  PUMP  IS  OF  OVER¬ 
CENTER  TYPE)  .  THIS  CHANGES  THE  GEARING  RATIO  AMD 
ALTERS  THE  OUTPUT  SPEED. 

WHEN  THE  BYPASS  VALVE  IS  OPEN,  THE  HYDRAULIC  MOTOR 
DOES  NOT  TRANSMIT  TORQUE,  THE  RING  GEAR  IS  FREE 
TO  ROTATE  AND  SO  IS  THE  WINCH  DRUM  WHEN  ITS  OWN 
BRAKE  IS  RELEASED. 
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Figure  85*  Alternative  Scheme  of  a  Hydromechanical  Winch 
Drive  and  Control  Syetem  for  a  Four-Point 
Hoiet  System. 
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DIFFERENTIAL  GEARBOX 
WITH  HYDRAULIC  CONTROL 
SEE  NOTE  1. 


PLANETARY  GEARING 
AND  ON-OFF  CLUTCH 
-  EFFECT 

SEE  NOTE  2. 


WINCH  DRUM 
FRICTION  BRAKE 


NOTES  t  1.  AT  ONE  PARTICULAR  PUMP  STROKE  CONTROL  SETTING, 
THE  EFFECT  OF  THE  HYDRAULIC  BIAS  IS  SUCH  AS 
TO  HAVE  THE  BEVEL  RING  GEAR  (IN  MESH  WITH  THE 
PLANETS)  AND  THE  PLANET  CARRIER  TO  ROTATE  AT 
THE  SAME  SPEED.  THE  DIFFERENTIAL  GEARING  IS 
THUS  HYDRAULICALLY  LOCKED  AND  BOTH  OUTPUT 
SHAFTS  ROTATE  AT  THE  SAME  SPEED.  AT  ANY  OTHEF 
PUMP  STROKE  SETTING,  THE  OUTPUT  DIFFERENTIAL 
MOTION  WILL  BE  INDUCED.  THIS  CAN  BE  PROGRESS¬ 
IVELY  CHANGED.  THE  HYDRAULIC  CONTROL  HAS  NO 
EFFECT  WHEN  THE  BYPASS  VALVE  IS  OPEN. 

2.  WHEN  THE  RING  GEAR  IS  KEPT  STATIONARY  BY  THE 
BRAKE,  THE  PLANETARY  GEARING  WORKS  AS  A  FIXED 
RATIO  GEARING.  WHEN  THE  BRAKE  IS  RELEASED,  NO 
OUTPUT  TORQUE  IS  TRANSMITTED  TO  THE  CABLE 
DRUM,  WHICH  IS  FREE  TO  ROTATE  WHEN  ITS  OWN 
BRAKE  IS  RELEASED. 
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glaring  of  equal  ratios  which  will  normally  give 
synchronized  motion  but  which  will  have  the  superimposed 
capability  of  adjusting  the  ratio  of  any  of  the  winch 
drives  by  hydraulic  means  wherever  required.  The  power 
source  in  both  cases  consists  oft 

1.  A  power  source 

2.  A  backstop  clutch 

3.  A  variable-displacement  (overcenter)  hydraulic 
pump 

4.  A  fixed-displacement  hydraulic  motor 

5.  A  hydraulic  circuit  interconnecting  pump  and 
motor,  including  a  single- flow-path  valve 
(normally  closed)  and  a  variable  restriction 

6.  An  auxiliary  hydraulic  circuit,  including  a 
hydraulic  control-pressure  pump  and  servo  valve 
used  as  a  means  of  powering  the  variable-delivery 
pump  stroke-control  cylinder.  (This  circuit  is 
not  shown  on  the  schematic  diagrams.) 

The  power  input  provides  means  for  variable- speed  drive 
in  both  directions.  Moreover,  the  motor  bypass  with 
restrictor  (in  conjunction  with  the  backstop  clutch) 
provides  means  for  dynamic  braking  of  the  winches  in 
addition  to  that  provided  by  the  mechanical  friction 
brakes  located  on  all  winch  drums. 

The  two  different  versions  of  this  drive  concept  are 
described  in  the  following  paragraphs! 

1.  Mechanical  Planetary  Gearbox  Drive 

The  output  of  the  common  variable-speed  hydrostatic 
drive  hydraulic  motor  is  conveyed  to  two  fore-and-aft 
branch  shafts  through  a  bevel  gearbox  (or  differen¬ 
tial  gearbox) .  The  torque  of  each  fore-and-aft 
branch  shaft  is  transmitted,  in  turn,  into  two 
transverse  shafts  by  differential  gearboxes.  Each 
transverse  shaft  drives  its  winch  drum  through  a 
mechanical  planetary  gearbox  with  an  additional 
hydrostatic  drive  coupled  by  means  of  spur  gears 
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between  the  ring  gear  and  the  planet  carrier  of  the 
planetary  gearing.  A  variable-displacement  pump  is 
driven  from  the  planet  carrier,  and  a  fixed-displace¬ 
ment  motor  is  driven  from  the  ring  gear. 

If  the  pump  is  set  to  zero-stroke  position,  the  fluid 
in  the  circuit  is  locked  and  the  motor  is  then 
stationary.  The  ring  gear  is  fixed  and  the  output 
motion  of  the  planetary  gearing  is  strictly  in  accor¬ 
dance  with  the  mechanical  gear  ratio.  When  the 
hydraulic  pump  is  set  to  a  position  other  than  zero- 
stroke,  fluid  flow  will  cause  motor  rotation  and  also 
rotation  of  the  ring  gear  and  alteration  of  the  output 
shaft  speed. 

By  this  means,  the  speed  of  any  of  the  drums  can  be 
altered  (increased  or  decreased)  with  respect  to  the 
other  drums.  Speed  is  controlled  through  a  beep  con¬ 
trol. 

When  the  hydraulic  bypass  valve  (normally  closed)  is 
open,  no  torque  would  be  transmitted  by  the  motor. 

The  ring  gear  would  thus  be  free  and  no  torque  would 
be  transmitted  by  the  shaft  driving  the  drum. 

As  mentioned  before,  the  bypass  valve  and  the  variable 
restrictor  in  the  prime  mover  hydrostatic  transmission 
are  used  for  dynamic  braking?  however,  they  can  also 
be  used  for  limiting  the  output  torque  of  the  hydraulic 
motor  for  initial  pre- tensioning  of  winch  cables  prior 
to  load  lifting. 

When  the  load  is  lifted  and  the  bevel  planets  are 
unlocked  in  the  differential  gearbox  on  the  transverse 
shaft,  the  torque  can  be  kept  equalized  on  both  right 
and  left  branch  shafts,  thus  contributing  to  the  load 
stability. 

2.  Differential  Gearbox  Drive 

In  this  case  three  differential  gearboxes  with  an 
additional  hydrostatic  coupling  in  each  are  provided. 
The  first  is  connected  to  the  power  source  system 
hydraulic  motor  output  shaft  and  drives  the  two  fore- 
and-aft  branch  shafts.  Each  of  the  fore-and-aft  shafts 
drives,  in  turn  (through  its  differential  gearbox),  two 
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transverse  branch  shafts  used  to  drive  the  individual 
winches . 

The  hydraulic  coupling  of  each  differential  gearbox  is 
such  that  a  variable-displacement  pump  is  driven  by  a 
pair  of  spur  gears  from  the  large  bevel  gear  (planet 
carrier),  and  the  fixed-displacement  motor  is  similarly 
driven  from  a  bevel  ring  gear  which  is  in  mesh  with 
bevel  planets. 

By  adjusting  the  pump  displacement  relative  to  the  fixed 
motor  displacement,  it  is  possible  to  make  (1)  both  out¬ 
put  shafts  operate  at  synchronized  speed  or  (2)  one  of 
the  shafts  run  progressively  faster  or  slower  than  the 
other. 

This  enables  both  front  winches  to  be  driven  at  a  speed 
equal  to,  higher  than,  or  lower  than  that  of  the  two  aft 
winches;  also,  any  of  the  right  winches  can  be  driven  at 
the  same  speed,  or  at  higher  or  lower  speed  than  that  of 
the  corresponding  left  winch. 

Additional  simple  planetary  gearing  is  coupled  to  each 
winch  drum  so  that  the  planet  carrier  is  fixed  to  the 
drum  and  the  sun  gear  is  keyed  to  the  drive  shaft  from 
the  differential  gearbox.  The  ring  gear  outer  cylinder 
serves  as  a  drum  for  a  friction  brake.  When  the  ring 
gear  is  kept  stationary  by  application  of  this  brake,  the 
planetary  gearing  acts  as  a  mechanical  reduction  gearing. 

When  the  brake  is  free, no  torque  is  transmitted  to  the 
winch  drum.  If  the  winch  is  holding  a  load,  the  load 
can  be  lowered  by  releasing  both  friction  brakes;  i.e., 
the  one  on  the  ring  gear  drum  and  the  one  on  the  winch 
drum.  By  means  of  the  foregoing  arrangement,  it  is  thus 
possible  to  operate  any  one  of  the  four  winches 
separately. 

Pre-tensioning  of  cables  prior  to  load  hoisting  can  also 
be  accomplished  with  this  arrangement  as  described 
above  under  Mechanical  Planetary  Gearbox  Drive.  Simi¬ 
larly,  the  equalization  of  torque  on  corresponding  trans¬ 
verse  branch  shafts  is  possible,  as  mentioned  above. 
Moreover,  the  fore-and-aft  branch  shafts  can  also  have 
their  torque  balanced  through  the  differential  gearbox. 

In  this  case,  the  unlocking  of  the  differential  shafts 
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it  achieved,  under  itatic  conditions,  by  opening  the 
hydraulic  motor  bypass  valve. 

The  auxiliary  hydraulic  circuit  for  control  purposes 
is  not  shown  on  the  diagram.  It  includes  at  least 
one  hydraulic  pump  and  four  servovalves.  In  operation, 
any  one  of  the  stroke-control  cylinders  can  be  actu¬ 
ated  on  each  of  the  variable-displacement  pumps. 

Remote  control  of  the  bypass  valves  and  friction  brakes 
will  be  provided.  The  entire  control  system  will  also 
include  means  of  obtaining  a  closed-loop  control 
circuit. 

Hvdr.ulie  Winch  Drive  and  Control  Svitam  for  a  Four -Point 
Hoist  System 

In  this  drive  system  (see  Figure  86),  each  of  the  four 
winches  is  individually  driven  by  a  hydraulic  fixed- 
displacement  motor  through  a  reduction  gearbox.  A  suitable 
hydraulic  circuit  supplies  the  fluid  to  power  the  motors. 
Fluid  flow  to  each  motor  is  controlled  by  an  electrohydrau- 
lic  servo  valve  used  in  conjunction  with  a  closed- loop 
control  circuit. 

The  power  spool  of  the  servo  valve  is  of  the  four-way  type, 
capable  of  directing  the  fluid  pressure  selectively  to 
either  of  the  two  motor  ports,  to  have  power  operation  in 
both  the  lifting  and  lowering  inodes.  A  one-way  restrictor 
may  be  used  in  that  motor  port  which  serves  as  the  inlet 
port  in  load  lifting,  to  prevent  motor  cavitation  by  re¬ 
stricting  the  return  flow  during  the  lowering  of  the  load. 

In  addition,  a  safety  control  circuit  (not  shown  on  the 
schematic)  will  be  used;  it  will  operate  the  friction 
brakes  (provided  on  each  drum)  when  required. 

The  input  to  the  servo  valve  is  in  the  form  of  an  electric 
signal  generated  by  a  linear  variable  differential  trans¬ 
former  (LVDT)  unit,  operated  by  the  pilot  or  loadmaster,  in 
which  a  mechanical  displacement  is  translated  into  a  pro¬ 
portional  electrical  signal.  The  feedback  signal  is  gene¬ 
rated  by  a  tachometer  unit  driven  from  the  winch  drum  shaft 
through  suitable  gearing;  the  feedback  signal  is,  thus, 
proportional  to  the  drum  rotary  speed  (lifting  or  lowering 
rate) .  The  direction  and  the  speed  of  drum  rotation  are 
related  to  the  direction  and  magnitude  of  the  pilot's 
control  lever  displacement  from  its  neutral  position. 
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Figure  86.  Hydraulic  Winch  Drive  end  Control  System  for 
Pour* Point  Hoist  System. 


NOT!  i  THE  FOLLOWING  CONTROL  NODES  ARE  AVAILABLE  t 


1.  CABLE  DRUM  1. 

2.  FRICTION  BRAKE 

3 .  REDUCTION  GEARBOX 

4.  HYDRAULIC  MOTOR,  FIXED-STROKE 

5.  ELECTROHYDRAULIC  SERVO  VALVE 

6 .  ELECTRONIC  AMPLIFIER 

7 .  TACHOMETER 

8 .  TORQUE  SENSOR 

9 .  LOGIC  BOX 


SYNCHRONISED  OPERATION 
IN  THIS  MODE  THE  TWO  SERVO  VALVES  OF  THE 
FRONT  WINCH  DRIVE  CIRCUIT  RECEIVE  A 
COMMON  INPUT  SIGNAL  FROM  ONE  SIGNAL  SOURCE. 
SIMILARLY  ,  THE  TWO  SERVO  VALVES  OF  THE 
AFT  CIRCUIT  RECEIVE  A  COMMON  INPUT  SIGNAL 
FROM  SECOND  SIGNAL  SOURCE.  THE  SYNCHRONI¬ 
ZATION  OF  FRONT  AND  AFT  PAIRS  OF  WINCHES  IS 
BY  MECHANICAL  COUPLING  OF  THE  CORRESPONDING 
CONTROL  LEVERS  (SEE  DETAIL)  :  THIS  IS  LESS 
CRITICAL. 
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2.  SYNCHRONIZED  IN  PAIRS  ONLY 

TWO  SYNCHRONIZED  FRONT  WINCHES  CAN  BE 
OPERATED  INDEPENDENTLY  FROM  TWO  SYNCHRO¬ 
NIZED  AFT  WINCHES  (UNCOUPLED  CONTROL  LEVERS)  . 


3.  INDIVIDUAL  WINCH  OPERATION 

ANY  ONE  WINCH  CAN  BE  OPERATED  SEPARATELY 
(CONTROL  LEVERS  UNCOUPLED  AND  SELECTOR  SWITCH 
ON  "INDIVIDUAL")  .  IN  THIS  MODE  THE  FEEDBACK 
IS  LIMITED  TO  RATE  FEEDBACK  SIGNAL;  TORQUE 
FEEDBACK  SWITCH  IS  IN  "OFF"  POSITION. 
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In  the  four-point  hoist  system, it  is  mandatory  to  havs  ths 
following  operation  modest 

1.  Synchronized  operation  of  all  four  winches 

2.  Synchronized  operation  of  the  front  two  winches  and 
synchronized  operation  of  the  aft  two  winches,  but 
with  each  pair  controlled  independently  of  the 
other 

3.  Independently  controlled  operation  of  each  one  of 
the  four  winches 

The  described  system  uses  an  identical  input  signal  to  the 
servo  valves  of  both  front  winches  and  another  identical 
signal  to  the  servo  valves  of  the  aft  two  winches.  This  is 
to  comply  with  the  second  requirement  (synchronized  pairs) • 
The  synchronization  between  both  pairs  of  winches  is  not 
so  critical  as  between  the  winches  in  a  given  pair  and  can 
be  achieved  by  a  mechanical  coupling  of  the  two  control 
levers  (one  for  each  pair)  and  by  operating  the  two 
controls  together.  Some  means  of  adjustment  could  be  provided 
to  locate  one  control  relative  to  the  other  so  as  to  have 
equal  signals  prior  to  coupling  them  together.  For 
individual  operation, a  separate  LVDT  unit  is  used  for  each 
winch . 

In  order  to  obtain  the  necessary  loading  distribution 
between  winches,  as  described  on  page  158  of  this  section, 
it  is  necessary  to  provide  a  feedback  control  system  to 
effect  the  functions  shown  in  the  logic  box  of  the 
schematic  on  Figure  86;  these  are  as  follows; 

1.  Summing  of  the  torque  values  of  the  two  front 
winches 

2.  Summing  of  the  torque  values  of  the  two  aft  winches 

3.  Determining  the  more  lightly  loaded  end 

4.  Determining  the  torque  differential 

5.  Applying  the  torque  differential  signal  to  the  rate 
signal  with  appropriate  sign,  according  to 
conditions 

Function  5  is  achieved  by  superimposing  a  differential 
torque  feedback  signal  to  the  winches  at  the  lightly  loaded 
end  so  as  to  cause  torque  equalization. 
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For  individual  winch  control,  two  additional  LVDT  units 
are  switched  on  by  positioning  two  selector  switches  to 
INDIVIDUAL,  The  differential  torque  feedback  is  not 
required  in  this  case  and  is  eliminated  by  positioning  the 
four  feedback  switches  to  OFF;  the  rate  feedback  is 
maintained. 

Electrical  Winch  Drive  and  Control  System  for  a  Four-Point 
Hoist  System  (Refer  to  Table  VI) 

Whether  an  electrical  adjustable-speed  drive  for  the  hoist 
system  (see  Figure  87)  becomes  a  practical  proposition  or 
not  depends  on  the  availability  of  high-power  low-weight 
components  specially  developed  for  aircraft  application. 
Moreover,  solutions  must  be  available  to  such  basic 
problems  as  the  capability  for  a  gradual  torque  build-up, 
as  required  when  starting  to  hoist  a  load,  and  the 
capability  of  holding  steady  an  acquired  load.  Furthermore, 
the  system  selected  must  be  able  to  meet  the  following 
operational  requirements : 

1.  Synchronized  operation  of  all  four  winches 

2.  Synchronized  operation  of  the  front  two  winches 
and  synchronized  operation  of  the  aft  two  winches, 
but  with  each  pair  controlled  independently  of 
the  other 

3.  Independently  controlled  operation  of  each  one  of 
the  four  winches 

The  fact  that  a  four-point  hoist  system  is  a  redundant 
system  imposes  an  additional  requirement  on  the  control 
system.  This  is  the  prevention  of  slackness  in  one  rope  . 
When  one  end  of  the  hoist  system  (front  or  aft)  is  more 
loaded  than  the  other  and,  at  the  same  time,  one  side 
(left  or  right)  is  also  more  loaded  than  the  other,  slack¬ 
ness  in  one  of  the  cables  at  the  lightly  loaded  end  can 
occur,  even  if  all  the  winches  are  synchronized.  This 
condition  is  undesirable  and  can  be  prevented  either  by 
using  an  intricate  control  system  or  by  using  transverse 
shafts  between  the  winches  with  a  differential  gearbox  in 
the  middle  of  each  shaft.  The  system  shown  on  the  schematic 
diagram  (Figure  87  )  uses  the  transverse  shaft  method. 
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NOTE!  THE  FOLLOWING  CONTROL  MODES  ARE  AVAILABLE! 

1.  SYNCHRONIZED  OPERATION 

IN  THIS  MODE  THE  TWO  SPEED  CONTROLS  OF  AC 
MOTORS  ARE  MOVED  TOGETHER  USING  A  MECHANICAL 
COUPLING.  HYDRAULIC  (OR  ELECTRIC)  CONTROLS 
OF  MECHANICAL  GEARING  ARE  SET  SUCH  AS  TO 
HAVE  FIXED  GEARING  OF  EQUAL  RATIOS  FOR  BOTH 
HALVES  OF  EACH  TRANSVERSE  SHAFT. 

2.  SYNCHRONIZED  IN  PAIRS  ONLY 

TWO  SYNCHRONIZED  FRONT  WINCHES  CAN  BE 
OPERATED  INDEPENDENTLY  FROM  TWO  SYNCHRONIZED 
AFT  WINCHES.  TWO  AC  MOTOR.  SPEED  CONTROLS 
ARE  UNCOUPLED.  HYDRAULIC  (ELECTRIC)  CONTROLS 
AS  IN  POINT  1.  ABOVE. 

3.  INDIVIDUAL  OPERATION 

ANY  ONE  OF  FOUR  WINCHES  CAN  BE  OPERATED  OR 
STOPPED  SEPARATELY  AND  ITS  SPEED  CAN  BE 
ADJUSTED  RELATIVE  TO  THE  OTHER  WINCH  IN 
PAIR.  HYDRAULIC  (OR  ELECTRIC)  CONTROLS  ARE 
USED  TO  CHANGE  THE  GEARING  RATIO  AND  TO 
PRODUCE  THE  ON-OFF  CLUTCH  EFFECT. 


ARBOX 

CONTROL 


The  purpose  of  ths  illustrstsd  scheme  is  to  show  how  sn 
electrical  adjustable-speed  drive  can  be  conveniently 
applied  to  the  four-point  hoist  system,  rather  than  to 
state  vrtiich  of  the  many  existing  and  possible  electrical 
drives  is  the  most  suitable  for  the  given  application* 

For  instance,  two  static  cycloconverters  might  be 
considered  in  lieu  of  the  rectifier  and  the  two  silicon 
control  rectifier  (SCR)  inverters  shown  on  the  diagram. 
However,  an  electrical  system  using  AC  induction  motors 
and  static  solid-state  frequency  converters  was  considered 
preferable  to  the  system  using  dc  motors. 

In  the  described  system  a  power  source  drivesl  at  a  constant 
speed,  an  electric  AC  generator  which  supplies  power  to 
two  AC  induction  motors,  one  of  which  serves  to  drive  the 
two  front  winches  and  the  other  the  two  aft  winches.  A 
static  solid-state  frequency-adjusting  system  with  one 
separate  speed-setting  rheostat  for  each  AC  motor  is  used 
as  a  control  means.  A  mechanical  coupling  of  the  rheostat 
controls  (with  provision  for  pre-adjustment)  is  used  for 
synchronized  operation  of  all  four  winches.  The  controls 
are  uncoupled  for  separate  operation  of  each  pair  of 
winches.  Additional  control  means  are  provided  for 
individual  adjustment  of  the  speed  of  one  winch  relative 
to  that  of  the  other  in  the  same  pair.  This  is  achieved 
by  separate  hydraulic  or  electrical  control  of  mechanical 
gearing  on  a  transverse  drive  shaft.  A  planetary  gearbox 
and  a  differential  gearbox  are  shown  as  alternatives.  The 
planetary  gearbox  also  provides  the  means  to  have  on-off 
clutch  effect.  Thus,  selective  operation  or  immobilization 
of  any  of  the  four  winches  is  possible. 

A  reverse  locking  brake  is  shown  immediately  downstream  of 
each  of  the  two  AC  motors.  The  purpose  of  this  brake  is 
to  assure  the  load  holding  capability  of  the  system, which 
is  power  operated  for  both  lifting  and  lowering  of  the 
load.  This  brake  is  in  addition  to  the  friction  brake  on 
each  cable  drum;  it  can  be  dispensed  with  if  the  electrical 
drive  system  finally  selected  proves  to  have  sufficient 
load-holding  capability. 
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TABLE  VZ 

ESTIMATED  RELATIVE  WEIGHT  AND  C08T  OF  FOUR-FOINT  WINCH 

DRIVE  AND  CONTROL  SYSTEMS 


Relative 

Weight 

% 

mm 

Equipment 

Hydromechanical 

365 

100 

Yes 

Partly 

Hydraulic 

100 

150 

Yes 

Partly 

Electrical 

475 

200 

Yes 

Partly 

Component  Availability 

Hydromechanical  Drive  -  A  lightweight  variable-delivery, 
overcenter  hydraulic  pump,  with  servo  control,  in  the  100- 
horsepower  class,  and  suitable  for  aircraft  application 
is  not  available;  industrial  pumps  are  available  but  are 
heavy. 

Hydraulic  Drive  -  A  very  intricate  control  system  is 
required  for  satisfactory  performance.  It  is  not  available 
and  will  have  to  be  developed. 

Electrical  Drive  -  An  AC  induction  motor  in  the  50-horse¬ 
power  class,  for  aircraft  application,  is  not  available. 

For  solid-state  cycloconverters,  in  trtiich  power  rating 
depends  on  ambient  temperature,  a  forced-air  circulation 
system  for  cooling  is  required. 

Summary  -  Four-Point  Winch  Drive  and  control  flvstams 

The  hydromechanical  four-point  winch  drive  system  is 
preferable  from  the  point  of  view  of  performance  character¬ 
istics,  safety,  and  ruggedness. 

Two-Point  Hoist  System  Synchronization 

Synchronization  of  a  two-point  hoist  system  is  not  mandatory 
since  any  misalignment  occurring  during  hoisting  can  be 
trimmed  out  by  means  of  an  individual  variable-speed  control 
to  each  winch.  However,  embodiment  of  a  synchronized  system 
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could  result  in  lowsr  acquisition  times  with  resultant  increase 
in  system  productivity. 

The  following  paragraphs  contain  descriptions  of  three  alterna¬ 
tive  systems  for  synchronized  operation  of  a  two-point  hoist 
system.  These  consist  of  (1)  hydromechanical ,  (2)  hydraulic, 
and  (3)  electrical  winch  drive  and  control  systems. 

Hvdromechanicsl  Wixvch  Drive  and  Control  System  for  Two- 

faiat  .Syftyn 

Two  versions  of  a  hydromechanical  winch  drive  and  control 
system  for  a  two-point  hoist  system  aret 

1.  A  mechanical  planetary  gearbox  with  hydraulic 
speed  adjustment  and  on-off  clutch  action 

2.  A  differential  gearbox  with  hydraulic  differential 
speed  adjustment  and  locking  action 

In  both  cases  the  object  is  to  provide  a  drive  from  a 
common  power  source  to  the  two  winches  through  mechanical 
gearing  of  equal  ratios  vftiich  will  normally  give  synchro¬ 
nized  motion  but  Which  will  have  the  superimposed 
capability  of  adjusting  the  ratio  of  either  winch  drive 
by  hydraulic  means  whenever  required. 

The  power  source  in  both  cases  consists  ofs 

1.  A  power  source 

2.  A  backstop  clutch 

3.  A  variable-displacement  (overcenter)  hydraulic 
pump 

4.  A  fixed-displacement  hydraulic  motor 

5.  A  hydraulic  circuit  interconnecting  pump  and 
motor  and  including  a  single- flow-path  valve 
(normally  closed) 

6.  An  auxiliary  hydraulic  circuit,  including  a 
hydraulic  control-pressure  pump  and  servo  valve  as 
a  means  of  powering  the  variable-delivery  pump 
stroke-control  cylinder.  This  is  not  shown  on  the 
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schematic  diagrams. 

Tha  power  source  provides  means  for  variable-speed  drive 
in  both  directions.  Moreover,  the  motor  bypass  with 
restrictor  (in  conjunction  with  the  backstop  clutch) 
provides  means  for  dynamic  braking  of  winches  in  addition 
to  the  mechanical  friction  brakes  located  on  all  winch 
drums. 

Two  different  versions  of  this  drive  concept  are  shown  in 
Figure  88  and  are  described  in  the  following  paragraphs. 

1.  W.chmlc.1  flMtttrv  fl..rbox  Drlv. 

The  output  of  the  common  variable-speed  hydrostatic 
drive  hydraulic  motor  is  conveyed  to  two  fore-and-aft 
branch  shafts  through  a  differential  gearbox.  Each 
branch  shaft  drives  its  winch  drum  by  means  of  a 
mechanical  planetary  gearbox,  with  an  additional 
hydrostatic  drive  coupled  by  means  of  spur  gears 
between  the  ring  gear  and  the  planet  carrier  of  the 
planetary  gearing,  k  variable-displacement  pump  is 
driven  from  the  planet  carrier,  and  a  fixed-displacement 
motor  is  driven  from  the  ring  gear. 

> 

If  the  pump  is  set  to  zero-stroke  position,  the  fluid 
in  the  circuit  is  locked  and  the  motor  is  then 
stationary.  The  ring  gear  is  fixed  and  the  output 
motion  of  the  planetary  gearing  is  strictly  in 
accordance  with  the  mechanical  gear  ratio.  When  the 
hydraulic  pump  is  set  to  a  position  other  than  zero- 
stroke,  fluid  flow  will  cause  motor  rotation  and  also 
rotation  of  the  ring  gear  and  corresponding  alteration 
of  the  output  shaft  speed. 

By  this  means,  the  speed  of  each  drum  can  be  increased 
or  decreased  with  respect  to  the  other  drum.  Speed  is 
controlled  through  a  beep  control. 

When  the  hydraulic  bypass  valve  (normally  closed)  is 
open,  no  torque  would  be  transmitted  by  the  motor.  The 
ring  gear  would  thus  be  free  and  no  torque  would  be 
transmitted  by  the  shaft  driving  the  drum. 

The  bypass  valve  and  the  variable  restrictor  in  the 
prime  mover  hydrostatic  transmission  are  used  for 
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Figure  88*  Hydromechanical  Winch  Drive  and  Control  Syetem 
for  a  Two-Point  Hoiat  Syatem. 
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NOTES  l  1.  AT  ONE  PARTICULAR  PUMP  STROKE  CONTROL 

SETT  IMG,  THE  EFFECT  OF  THE  HYDRAULIC  BIAS 
IS  SUCH  AS  TO  HAVE  THE  BEVEL  RING  GEAR 
(IN  MESH  WITH  THE  PLANETS)  AND  THE 
PLANET  CARRIER  TO  ROTATE  AT  THE  SANE 
SPEED.  THE  DIFFERENTIAL  GEARING  IS  THUS 
HYDRAULICALLY  LOCKED  AND  BOTH  OUTPUT 
SHAFTS  ROTATE  AT  THE  SAME  SPEED.  AT  ANY 
OTHER  PUMP  STROKE  8ETTING  THE  OUTPUT 
DIFFERENTIAL  MOTION  WILL  BE  INDUCED. 

THIS  CAN  BE  PROGRESSIVELY  CHANGED.  THE 
HYDRAULIC  CONTROL  HAS  NO  EFFECT  WHEN  THE 
BYPASS  VALVE  IS  OPENED. 

2.  WHEN  THE  RING  GEAR  IS  KEPT  STATIONARY  BY 
THE  BRAKE,  THE  PLANETARY  GEARING  WORKS  AS  A 
FIXED-RATIO  GEARING.  WHEN  THE  BRAKE  IS 
RELEASED,  NO  OUTPUT  TORQUE  IS  TRANSMITTED 
TO  THE  CABLE  DRUM,  WHICH  IS  FREE  TO  ROTATE 
WHEN  ITS  OWN  BRAKE  IS  RELEASED. 

3.  WHEN  THE  HYDRAULIC  PUMP  IS  SET  TO  ZERO 
DISPLACEMENT,  THE  FLUID  IN  THE  CIRCUIT  IS 
TRAPPED  AND  THE  HYDRAULIC  MOTOR  IS 
STATIONARY.  THIS  KEEPS  FIXED  THE  RING 
GEAR  OF  THE  PLANETARY  GEARING,  AND  THE  SET 
WORKS  AS  A  FIXED-RATIO  GEARING.  ANY  OTHER 
PUMP  STROKE  SETTING  WILL  CAUSE  ROTATION  OF 
THE  MOTOR  AND  SPEED  INPUT  TO  THE  RING  GEAR 
(IN  EITHER  DIRECTION  OF  ROTATION  WHEN  THE 
PUMP  IS  OF  OVERCENTER  TYPE)  .  THIS  CHANGES 
THE  GEARING  RATIO  AND  ALTERS  THE  OUTPUT 
SPEED. 

WHEN  THE  BYPASS  VALVE  IS  OPEN,  THE  HYDRAULIC 
MOTOR  DOES  NOT  TRANSMIT  TORQUE,  THE  RING 
GEAR  IS  FREE  TO  ROTATE,  AND  SO  IS  THE  WINCH 
DRUM  WHEN  ITS  OWN  BRAKE  IS  RELEASED. 
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dynamic  braking,  as  msntionsd  before;  however,  thsy 
can  also  be  used  for  limiting  the  output  torque  of 
the  hydraulic  motor  tor  initial  pre- tensioning  of 
winch  cables  prior  to  load  lifting. 

When  the  load  is  liftsd  and  the  bevel  planets  are 
unlocked  in  the  differential  gearbox,  the  torque  can 
be  kept  equalized  on  both  fore-an£-aft  branch  shafts; 
this,  will  contribute  to  load  stability. 

2.  Differential  O«arbox  Driv. 

In  this  case,  a  differential  gearbox  with  an  additional 
hydrostatic  coupling  is  used.  The  input  shaft  of  the 
differential  gearbox  is  coupled  to  the  shaft  of  the 
power  unit  hydraulic  motor.  Each  of  the  two  output 
shafts  is  used  to  drive  its  respective  winch  through 
additional  planetary  gearing,  as  described  below. 

The  hydraulic  coupling  of  the  differential  gearbox 
is  such  that  a  variable-displacement  pump  is  driven 
by  a  pair  of  spur  gears  from  the  large  bevel  gear 
(planet  carrier),  and  the  fixed-displacement  motor 
is  similarly  driven  from  a  bevel  gear  which  is  in  mesh 
with  bevel  planets. 

By  adjusting  the  pump  displacement  relative  to  the 
fixed  motor  displacement,  it  is  possible  (1)  to  make 
both  output  shafts  operate  at  synchronized  speed  or 
(2)  to  make  one  of  the  shafts  run  progressively  faster 
or  slower  than  the  other. 

Additional  simple  planetary  gearing  is  coupled  to  each 
winch  drum  so  that  the  planet  carrier  is  fixed  to  the 
drum  and  the  sun  gear  is  keyed  to  the  drive  shaft 
from  the  differential  gearbox.  The  ring  gear  outer 
cylinder  serves  as  a  drum  for  a  friction  brake.  When 
the  ring  gear  is  kept  stationary  by  application  of 
this  brake,  the  planetary  gearing  acts  as  a  mechanical 
reduction  gearing.  When  the  brake  is  free,  no  torque 
is  transmitted  to  the  winch  drum.  If  the  winch  is 
holding  a  load,  the  load  can  be  lowered  by  releasing 
both  friction  brakes;  i.e.,  the  one  on  the  ring  gear 
drum  and  the  one  on  the  winch  drum. 

By  means  of  the  foregoing  arrangement,  it  is  thus 
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possible  to  operate  aithar  of  tha  winchaa  aaparataly. 

Pre-tensioning  of  cablaa  prior  to  load  hoisting  can 
also  ba  accomplishad  with  this  arrangement,  as 
dascribad  abova  undar  Machanical  Planatary  Gearbox 
Driva.  Similarly,  tha  aqualization  of  torqua  on 
branch  shafts  is  possibla,  as  was  mantionad  abova. 

In  this  case,  tha  unlocking  of  tha  diffarantial  shafts 
is  achiavad,  undar  static  conditions,  by  opaning  tha 
hydraulic  motor  bypass  valva. 

Tha  auxiliary  hydraulic  circuit  for  control  purposes 
is  not  shown  on  tha  diagram.  It  includes  one 
hydraulic  pump  and  one  servo  valve.  It  works  by 
actuating  tha  stroke  control  cylinder  on  tha  variable- 
displacement  pump.  Remote  control  of  tha  bypass  valva 
and  friction  brakes  will  ba  provided.  Tha  entire 
control  system  will  also  include  means  of  obtaining  a 
closed- loop  control  circuit. 

Hydraulic  Winch  Driva  and  Control  System  for  Two-Point 
Hoist  System 

In  this  drive  system  (sea  Figure  89),  each  winch  is 
individually  driven  by  a  hydraulic  fixed-displacement  motor 
through  a  reduction  gearbox.  A  suitable  hydraulic  circuit 
supplies  the  fluid  to  power  tha  motors.  Fluid  flow  to  each 
motor  is  controlled  by  an  alectrohydraulic  servo  valva  used 
in  conjunction  with  a  closed- loop  control  circuit. 

The  power  spool  of  the  servo  valve  is  of  the  four-way  type, 
capable  of  directing  the  fluid  pressure  selectively  to 
either  of  tha  two  motor  ports,  to  have  power  operation  in 
both  the  lifting  and  lowering  modes.  A  one-way  restrictor 
may  be  used  in  that  motor  port  which  serves  as  the  inlet 
port  in  load  lifting,  to  prevent  motor  cavitation  by 
restricting  the  return  flow,  during  the  lowering  of  tha 
load.  In  addition,  a  safety  control  circuit  (not  shown 
on  the  schematic)  will  be  used;  it  will  operate  the  drum 
friction  brakes  when  required. 

The  input  to  the  servo  valve  is  in  the  form  of  an  electric 
signal  generated  by  a  linear  variable  differential 
transformer  (LVDT)  unit,  operated  by  tha  pilot  or  load- 
mc ster ,  in  which  a  mechanical  displacement  is  translated 
into  a  proportional  electrical  signal.  The  feedback  signal 
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NOTE i  THE 

1. 

1.  CABLE  DRUM 

2.  FRICTION  BRAKE 

3.  REDUCTION  GEARBOX 

4.  HYDRAULIC  MOTOR,  FIXED-STROKE 

5.  ELECTROHYDRAULIC  SERVO  VALVE 

6.  ELECTRONIC  AMPLIFIER 

7.  TACHOMETER 


FOLLOWING  CONTROL  MODES  ARE  AVAILABLE 
8YNCHB0NIIED  OPERATION 
IN  THIS  MODE  BOTH  SERVO  VALVES 
RECEIVE  A  COMMON  INPUT  SIGNAL 
FROM  ONE  8IGNAL  SOURCE. 

INDIVIDUAL  WINCH  OPERATION 
EACH  WINCH  OPERATED  SEPARATELY 
BY  ITS  OWN  CONTROL 


is  generated  by  a  tachomatar  unit  drivan  from  tha  winch 
drum  shaft  through  suitable  gearing;  thus,  the  feedback 
signal  is  proportional  to  tha  drum  rotary  spaed  (lifting 
or  lowering  rate) .  Tha  direction  and  the  spaed  of  drum 
rotation  are  related  to  the  direction  and  magnitude  of  the 
pilot's  control  lever  displacement  from  its  neutral 
position. 

In  the  two-point  hoist  system) it  is  mandatory  to  have  two 
operation  modes: 

1.  Synchronized  operation  of  both  winches 

2.  Individual  operation  of  each  winch 

In  the  synchronized  operation,  an  Identical  input  signal  is 
sent  to  each  servo  valve  simultaneously  from  one  LVDT  unit. 
The  selector  switch  is  positioned  to  SYNCHRONIZED  and  only 
one  control  lever  is  used  (the  other  is  inoperative) . 

For  individual  operation  of  the  winches,  the  selector 
switch  is  positioned  to  INDIVIDUAL.  Two  control  levers 
are  used;  each  one  operates  a  corresponding  LVDT  unit  which 
generates  a  separate  input  signal  to  the  related  servo  valve. 
Similarly,  two  independent  feedback  signals  are  generated 
by  two  tachometer  units.  Thus,  each  winch  control  circuit 
is  entirely  independent  of  the  other. 

Electrical  Winch  Drive  and  Control  System  Two-Point 
Hoist  System 

Whether  an  electrical  adjustable-speed  drive  (see  Figure  90) 
for  the  hoist  system  becomes  a  practical  proposition  or  not 
depends  on  the  availability  of  high-power  low-weight 
components  specially  developed  for  aircraft  application* 
Moreover,  solutions  must  be  available  to  such  basic 
problems  as  the  capability  for  a  gradual  torque  build-up, 
as  required  when  starting  to  hoist  a  load,  and  the 
capability  of  holding  steady  an  acquired  load.  Furthermore, 
the  system  must  meet  the  following  operational  requirements: 

1.  Synchronized  operation  of  both  winches 


2. 


Independent  operation  of  each  winch 


In  the  described  system  a  power  source  drives,  at  a  constant 
speed,  an  electric  AC  generator  which  supplies  power  to  two 
AC  induction  motors,  one  for  each  winch.  A  static  solid- 
state  frequency-adjusting  system  with  one  separate  speed¬ 
setting  rheostat  for  each  AC  motor  is  used  as  control  means. 
A  mechanical  coupling  of  two  rheostat  controls  (with  pro¬ 
vision  for  pre-adjustment)  is  used  for  synchronized 
operation  of  the  two  winches.  The  controls  are  uncoupled 
for  separate  operation  of  each  winch. 

A  reverse  locking  brake  is  shown  on  the  schematic 
immediately  downstream  of  each  AC  motor.  The  purpose  of 
this  brake  is  to  ensure  the  load-holding  capability  of  the 
system,  which  is  power  operated  for  both  lifting  and 
lowering  of  the  load.  This  brake  is  in  addition  to  the 
friction  brake  on  each  cable  drum;  it  can  be  dispensed 
with  if  the  electrical  drive  system  finally  selected  proves 
to  have  sufficient  load-holding  capability. 

Component  Availability 

Hvdromechanical  Drive  -  A  lightweight  variable-delivery, 
overcenter  hydraulic  pump,  with  servo  control,  in  the  100- 
horsepower  class,  and  suitable  for  aircraft  application  is 
not  available;  industrial  pumps  are  available  but  are  heavy. 

Hydraulic  Drive  -  All  equipment  is  available. 

Electrical  Drive  -  An  AC  induction  motor  in  the  50-horsepower 
class,  for  aircraft  application, is  not  available.  For 
solid-state  cycloconverters,  in  which  power  rating  depends 
on  ambient  temperature,  a  forced-air  circulation  system  for 
cooling  is  required. 

Summary  -  Two-Point-Winch  Drive  and  Control  Systems 

A  hydraulic  winch  drive  system  is  preferable  for  the  two- 
point  drive  system. 
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ESTIMATED  SYSTEM  WEIGHTS 


The  system  capacities  required  by  the  20,000/40 , 000-pound 
nominal  working  loads  indicate  that  the  optimum  hoist  design 
would  employ  a  two-rope,  two-part  single-reeved  system  for  the 
single-point  lift  and  two  single-rope  winches  for  the  two-point 
system,  the  philosophy  being  that  in  both  modes  the  same  diam¬ 
eter  of  rope  would  be  used.  This  would  mean  that  the  same 
basic  winch  components  could  be  employed  in  both  winch  types, 
thus  contributing  to  a  minimum-cost  system. 

The  criteria  used  in  the  following  examples  are  based  on  the 
contractual  performance  objectives. 

An  aircraft  cargo  hoisting  system  using  a  6  x  37  Seale 
Warrington  wire  rope  of  approximately  1.0-inch  diameter  would 
have  the  following  characteristics  t 

Total  Design  Load  (Single- Point)  161,962  pounds 

Total  Design  Load  (Two-Point  -  Each  Winch)  113,852  pounds* 

Lift  Height  (Single-Point)  80  feet 

Lift  Height  (Two-Point)  50  feet 

Normal  Working  Loads: 

1.  40,000-pound  (Single- Reeved, Two -Rope) 

2.  20,000-pound  (Single-Rope) 

Rate:  60  feet  per  minute  (Single-Point  System) 

30  feet  per  minute  (Two-Point  System) 

Limit  Switches: 

1.  Rope  Fully  Extended 

2.  Rope  Fully  Retracted 

3.  Rope  Intermediate  Position 


*Standard  1.0- inch-diameter  rope  has  a  98,200-pound  break 
strength;  however,  1.0- inch-diameter  rope  to  special  order 
can  be  obtained  with  a  break  strength  of  117,000  pounds. 
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ftnergency  Jettisons  An  electrically  initiated  ahapad 
charga  to  aavar  tha  wira  rope. 

Footaga  Countart  A  direct  readout  of  the  extended  length 
of  wira  rope* 

Load  Brakes  A  positive-acting  mechanical  type,  to  operate 
independently  in  event  of  failure  of  the  hydraulic  system. 

EXAMPLE  1 

Eatimated  weight  of  total  ayatem  conaisting  of  one  a  ingle* 
point-mode  system  plus  one  multi-point-mode  system  of  two 
points. 


Wire  Rope 

490  pounds 

Motor  (Single-Point) 

20 

II 

Motors  (Multi-Point)  (2  x  15) 

30 

II 

Hook  &  Beam  Assy  (Two-Point) 

400 

II 

Hook  (Single-Point) 

150 

•1 

Winch  (Single-Point) 

1,500 

II 

Winches  (Multi-Point)  (2  x  1100) 

2  m  200 

II 

Total  Estimated  Weight 

4,790  pounds 

The  above  example  is  based  on  a  lift  height  of  80  feet  for 
the  single-point  mode.  For  a  150-foot  lift,  the  weight 
increase  would  be: 

Additional  Wire  Rope  240  pounds 

Additional  Winch  Weight  (Assuming  30  " 

Capstan-Type)  _____ 

Total  270  pounds 


EXAMPLE  2 

If  a  total  system  consisting  of  one  single-point-mode 
system  plus  one  multi-point-mode  system  of  four  points, 
unsvnchronized .  is  assumed  and  if  the  criteria  established 
in  this  study  relating  to  the  effect  of  aircraft  and  load 
eg  travel  upon  winch  design  and  the  satisfying  of  flight 
safety  requirements  are  adhered  to,  winches  to  satisfy  a 
four-point  system  will  have  to  be  the  same  as  those 
designed  for  a  two-point  system.  Therefore,  if  the  same 
ground  rules  used  above  for  a  single-plus  two- point 
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system  are  used,  the  resulting  weight  of  a  single-  plus 
four-point  system  will  bet 


Wire  Rope 

Motor  (Single-Point) 

Motors  (Multi-Point)  (4  x  15) 

Hook  &  Beam  Assy 
Hook  (Single -Point) 

Winch  (Single-Point) 

Winches  (Multi-Point)  (4  x  1,100) 


640  pounds 
20 
60 
500 
150 
1,500 
4,400 


Total  Estimated  Weight 


7,270  pounds 


This  weight  assumes  that  the  four-point  system  is  unsvnchro- 
nized.  If  synchronization  is  embodied,  then  the  individual 
winch  capability  can  be  reduced  from  28,000  pounds  to 
15,500  pounds.  (Refer  to  the  section  entitled  "INFLUENCE 
OF  AIRCRAFT  CG  TRAVEL  ON  HOIST  SYSTEM  DESIGN.")  This  will 
introduce  two  different  winch  rope  sizes  into  the  system, 
one  for  the  single-point -mode  system  and  one  for  the  four- 
point -mode  system.  There  will  be  no  change  for  the  single¬ 
point  system.  The  resulting  system  weight  will  then  be  as 
shown  in  Example  3,  below. 

EXAMPLE  3 


Wire  Rope 

605 

pounds 

Motor  (Single-Point) 

20 

II 

Motors  (Multi-Point)  (4  x  10) 

40 

II 

Hook  and  Beam  Assy 

400 

II 

Hook  (Single-Point) 

150 

II 

Winch  (Single-Point) 

1,500 

II 

Winches  (Multi-Point)  (4  x  900) 

3,600 

II 

Total  Estimated  Weight 

6,315 

pounds 

Examples  2  and  3  are  based  on  a  lift  height  of  80  feet  for 
the  single-point  mode.  For  a  150-foot  lift, the  weight  will 
increase  by  270  pounds. 

WEIGHT  SUMMARY 


Pound. 

Single-Point  (  80-foot  lift)  +  Two-Point  4,790 
Single-Point  (150-foot  lift)  +  Two-Point  5,060 
Single-Point  (  80-foot  lift)  +  Four-Point  (Unsynchrz'd)  7,270 
Single-Point  (150-foot  lift)  +  Four-Point  (Unsynchrz'd)  7,540 
Single-Point  (  80-foot  lift)  +  Four-Point  (Synchrz'd)  6,315 
Single-Point  (150-foot  lift)  +  Four-Point  (Synchrz'd)  6,685 
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CONSIDERATION  OF  THE  CONTRACTUAL  PERFORMANCE 
OBJECTIVES  WITH  AN  APPROACH  TO  THEIR  RESOLUTION 

Performance  objectives  applicable  to  both  single-point  and 
multi-point  modes  shall  be  to: 

1.  Have  a  vertical  lift  capacity  of  not  less  than  40.000 
pounds  with  a  design  load  factor  of  2.5g  and  a  safety 
factor  of  1.5  ultimate. 


This  resolves  into  an  ultimate  design  factor  of  3.75. 
Wire  rope  manufacturers  disagree  with  this  factor  as 
applied  to  wire  rope  and  recommend  an  ultimate  factor 
of  5.  However,  investigation  has  shown  that  their 
factor  is  based  on  fatigue  life  of  the  rope,  and 
since  the  duty  cycles  specified  for  heavy-lift  hoist 
system  are  only  a  fraction  of  commercial  usage,  a 
factor  of  3.75  is  considered  acceptable.  However, 
this  acceptance  is  based  on  the  assumption  that  all 
other  recommended  design  criteria  established  for 
wire  rope  are  adhered  to.  Deviation  from  the  recom¬ 
mended  design  criteria  should  be  compensated  for  by 
an  increase  in  design  factor. 

2.  Minimize  unsafe  oscillations  of  a  suspended  load. 

In  a  single-point  system,  oscillations  become  a  func¬ 
tion  of  external  forces  acting  on  the  suspended  load. 
The  only  controls  over  these  forces  are  regulation  of 
flight  speed,  aerodynamic  characteristics  of  the  load, 
and  suspension  length.  Negative  aerodynamic  charac¬ 
teristics  can  be  compensated  for  by  the  use  of  stabi¬ 
lizing  agents  such  as  drag  chutes  or  fins  attached  to 
the  load.  In  cases  where  such  methods  are  considered 
unacceptable,  multi-point  suspension  must  be  used. 
From  a  system  aspect,  the  moments  created  about  the 
aircraft  eg  by  the  oscillating  load  must  be  kept  with¬ 
in  the  design  limits  of  aircraft  control  system.  This 
is  achieved  by  mounting  the  suspension  point  close  to 
the  eg.  This  becomes  a  requirement  for  system  instal¬ 
lation  into  the  aircraft.  In  a  multi-point  system  the 
same  rule  applies. 

3.  Be  capable  of  load  acquisition  with  manual  ground 
assistance  from  a  hover  or  landed  position* 
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In  hover  pickup,  flight  safety  is  the  most  important 
element.  On  this  basis,  a  single-point  pickup  is  the 
optimum,  since  one  man,  only,  is  required  to  physi¬ 
cally  engage  the  load  sling  with  the  hook.  It  is 
important  to  realize  that  the  load  sling  is  engaged 
with  the  hook,  not  the  hook  with  the  load.  This 
stems  from  the  fact  that  the  hook  is  integral  with 
the  helicopter  and  so  is  subject  to  continuous  movement. 
This  fact  dictates  the  use  of  load  slings  for  hover 
pickup  in  order  to  compensate  for  helicopter  movement. 
It  can  be  argued  that  a  slack  hoist  rope  will  achieve 
the  same  result,  but  this  will  require  the  ground 
crewman  to  lift  and  maneuver  a  hook  system  which 
weighs  in  excess  of  one  hundred  pounds;  this  is  con¬ 
sidered  impractical. 

In  hover  pickup  with  a  multi-point  system,  the  ability 
to  meet  flight  safety  requirements  degenerates.  In  a 
two-point  system  f two  men  will  be  required  for  load 
attachment  (one  to  each  hook)  and,  as  with  a  single¬ 
point  system,  loads  must  be  slung  to  give  the  neces¬ 
sary  compensation  for  helicopter  movement.  Another 
problem  arises  in  that  if  a  beam  system  is  embodied 
as  part  of  the  two-point  system  (this  is  considered 
necessary  to  effect  hook  release  synchronization) , 
it  will  be  necessary  to  align  the  beam  with  the  load. 
This  can  be  accomplished  by  giving  the  ground  crew 
beep  control  of  the  winch  system  by  embodying  elec¬ 
trical  circuits  between  the  beam  and  winch  system 
through  the  same  conductor  circuit  cable  used  for  hook 
release.  The  inherent  danger  during  acquisition 
arises  from  the  fact  that  if  only  one  hook  is  engaged 
and  the  aircraft  lifts  off,  it  can  result  in  upsetting 
moments  being  transferred  to  the  helicopter.  There¬ 
fore,  in  this  pickup  mode  the  pilot  or  copilot  must 
be  constantly  alert  and  ready  to  release  the  load 
instantly.  The  employment  of  a  loadmaster  who  would 
visually  monitor  physical  acquisition  of  the  load  and 
stand  ready  to  take  instant  action  in  an  emergency 
would  alleviate  this  potentially  dangerous  situation. 

In  a  four-point  system, the  danger  to  flight  safety  is 
compounded  since  coordination  of  four  ground  crew 
members  (one  to  each  hook)  will  be  required.  The 
beam  trim  function  will  be  essentially  the  same  as 
for  the  two-point,  except  it  will  be  more  complex 
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•inct  trim  in  two  pianos  will  bo  nooosoary  as  against 
one  piano  for  a  two-point  system. 

The  foregoing  discussion  stresses  the  use  of  slings 
in  load  acquisition  from  hover.  This  means  that  if 
flight  safety  requirements  are  to  be  met,  then  pods 
or  containers  acquired  from  hover  must  also  be 
treated  as  slung  loads. 

With  the  aircraft  in  a  landed  position  the  satisfac¬ 
tion  of  flight  safety  criteria  can  be  assured,  since 
system  checkout  may  be  accomplished  before  takeoff. 

The  use  of  slings  in  this  mode  is  not  mandatory  since 
the  suspension  system  may  be  adjusted  to  suit  the 
load.  The  direct  coupling  of  pod-type  loads  to  air¬ 
craft  structure  is  also  practical.  However,  this 
method  of  attachment  dictates  that  the  aircraft 
be  able  to  land  at  the  delivery  site  in  order 
to  unload.  Personnel  pods  presently  in  use  are 
secured  directly  to  aircraft  structure  at  four  points; 
with  this  arrangement,  pod  and  aircraft  structure 
flexibility  makes  the  fitting  of  the  pod  difficult. 
Preliminary  investigation  indicates,  however,  that 
the  attachment  could  be  accomplished  at  two  points, 
thus  eliminating  four -point  misalignment  due  to 
structural  movement  of  the  pod  and  aircraft. 

4.  Facilitate  rapid  hook-up  of  loads.  A  two-minute 
maximum  hook-up  time  for  previously  rigged  loads 
is  allowed. 

This  is  related  to  Item  3,  above.  Two  minutes  is  con¬ 
sidered  to  be  rather  long  as  an  objective.  A  one- 
minute  maximum  is  considered  to  be  practical  for 
acquisition  of  previously  rigged  loads,  it  must  be 
appreciated  that  the  longer  time  may  well  constitute 
a  greater  hazard  to  flight  safety. 

5.  Provide  for  the  positive  locking  of  personnel  pods  to 
the  airframe  with  cargo  handling  system  power  off. 

This  is  covered  in  Item  3,  above,  where  it  is  implied 
that  the  attachment  of  personnel  pods  to  the  structure 
should  be  independent  of  the  aircraft  external  hoist 
system. 
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6.  Provid.  for  t»o  Mthod.  of  cochplt-controll.d  lead 
release  electrical  and  mechanical. 

This  requirement  can  be  met  as  described  in  the  text 
oi  this  study. 

7.  Provide  for  manual  release  at  load  attachment  points 
when  the  load  is  on  the  ground. 

This  requirement  can  be  met  by  extending  the  mechan¬ 
ical  linkage  within  the  beam  system  on  the  two-  or 
four-point  system  to  a  level  accessible  to  ground 
personnel.  Such  a  system  would  have  a  safety  lockout 
to  prevent  inadvertent  operation.  For  the  single¬ 
point  system,  a  similar  feature  is  already  available 
on  cargo  hooks  in  military  use. 

8.  incorporate  provisions  for  automatically  holding 
suspended  loads  with  the  cargo  handling  system  power 
off. 

All  winch  brake  systems  will  be  failsafe;  that  is, 
when  the  power  to  the  winch  is  off) the  brake  will 
automatically  go  on.  Such  a  feature  ensures  that  the 
winch  will  not  reel  out  in  the  event  of  system  power 
failure. 

9.  incorporate  provisions  for  load  jettisoning  independent 
of  the  releases  required  by  Item  6.  above,  and  the 
holding  provisions  required  by  Item  8.  above. 

This  will  be  accomplished  by  installing  dual  cartridge 
rope  -cutter  devices  or  shaped  charges,  electrically 
initiated;  each  cutter  will  be  on  an  individual 
circuit  with  each  circuit  having  a  separate  power 
source.  It  should  be  pointed  out  that  the  reliability 
of  such  devices  will  be  a  function  of  the  number  of 
wire  ropes  being  severed;  one  is  the  optimum;  four^ 
the  least  reliable. 

10.  Provide  for  attenuation  of  shock  loads  imposed  on 
suspension  systems. 

The  embodiment  of  load  isolators  in  the  system  will 
meet  this  requirement. 
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11.  Minimize  cable  back  la  ah. 


This  will  be  accomplished  by  designing  into  the 
winches  devices  which  will  hold  the  wire  rope  in 
contact  with  the  drum  grooves  under  all  conditions. 

In  situations  where  a  slack  rope  exists  before  the 
helicopter  lifts  the  load,  then  either  the  slack 
should  be  winched  out  before  lift-off,  or  lift-off 
should  be  performed  slowly. 

12.  Provide  a  means  for  attaching  suspension  systems 
directly  to  lift  points  on  items  of  cargo  or  through 
web  slings  without  damage  either  to  the  attaching 
device  or  to  the  item  engaged. 

This  objective  is  directed  to  sling  technology  and 
contradicts  the  Statement  of  Work,  Paragraph  2.b, 
which  states: "it  excludes  the  power  source  and  any 
provisions  necessary  to  rig  the  load  for  acquisition 
by  the  systems."  Load  acquisition  by  the  suspension 
system  is  discussed  in  Items  3,  4,  6,  and  7,  above. 

13.  Be  designed  so  that  major  components  of  each  mode 
system  may  be  quickly  detached  and  removed  from  the 
helicopter.  The  removal  of  components  which  function 
only  during  one  mode  of  operation  shall  not  negate 
the  use  or  the  functioning  of  the  remaining  mode  of 
operation.  Time  for  removal  or  installation  of  com¬ 
ponents  shall  not  exceed  one  hour,  including  neces¬ 
sary  checkouts.  This  removal  or  installation  is  to 
be  accomplished  by  Organizational  Level  maintenance 
personnel  using  tools  available  in  the  Standard  Avia¬ 
tion  Mechanic’s  Tool  Kit. 

This  requirement  can  be  met  with  the  exception  that, 
because  of  the  weight  of  the  components  (notably 
winches),  an  auxiliary  hoist  will  be  necessary  for 
winch  installation  or  removal.  Investigation  has 
shown  that  small,  light  hand  hoists  are  available 
which  will  satisfy  this  requirement.  This,  however, 
will  be  an  aircraft  installation  problem,  and  the 
only  provision  to  be  made  on  the  proposed  hoist  sys¬ 
tem  will  be  the  embodiment  of  hoist  points  on  the 
winches . 
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14.  B.  cnabl.  of  dlr.ct  .l.ctrlcal  hock-uc  to  two  centre! 
Installation*  pernanantlv  aounf  <3  in  th.  cockpit.  .ach 
of  which  shall  have  the  capability  to  actuate  and 
monitor  the  system  under  load  and  no-load  condition!. 
Actuation  means  shall  include  control!  for  raising, 
lowering,  releaiing.  and  jettisoning.  Mon it or ship 
■hall  include  measuring  and  indicating  cable  lengthe. 
forces  in  each  leg,  and  »uch  other  monitoring  data  as 
may  be  required  for  safe  load-handling  operations. 

Similar  aircraft  systems  have  already  been  designed 
and  qualified.  Investigation  has  indicated  that 
existing  practices  can  adequately  meet  these  require¬ 
ments  . 

Additional  objectives  for  the  single-point  suspension  mode 
shall  be  to: 

1.  Provide  for  engaging  and  hoisting  a  maximum  load  while 
the  aircraft  is  hovering  above  the  load.  Two  maximum 
heights.  150  feet  and  80  feet  above  the  loadf  shall  be 
considered. 


The  hoist  system  vertical  lift  capability  (height)  has 
a  major  influence  on  winch  weight  and,  especially  in 
the  case  of  drum-type  winches  in  a  reeved  rope  system, 
extended  lifting  heights  can  result  in  the  drum  length 
becoming  excessive.  Although  this  length  can  be  com¬ 
pensated  for  by  increase  in  drum  diameter,  it  will 
still  result  in  a  large  winch  envelope.  Long  rope 
lengths  are  better  accommodated  on  capstan-type 
winches;  even  on  this  type  of  winch,  however,  rope 
length  is  a  major  contributor  to  winch  envelope. However , 
any  rope  length  can  be  accommodated  if  we  will 
accept  the  attendant  weight/envelope  penalty. 

2.  Have  a  hoist  speed  rate,  under  load,  of  not  less  than 
60  feet  per  minute,  with  acceleration  and  deceleration 
rates  which  provide  smooth  hoisting  and  lowering 
operations. 

System  rate  is  a  major  contributor  to  system  weight; 
if  we  double  the  rate, we  double  the  power  requirement. 

It  follows  that  the  lower  the  rate,  the  lower  the 
overall  system  weight.  Unlike  rope  length  which 
influences  only  winch  weight,  rate  will  affect  all  items 
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in  the  complete  system  from  winch  to  power  source. 

The  60-feet-per-minute  rate  specified  was  derived 
from  a  requirement  to  restrict  hover  time  to  a  mini¬ 
mum.  It  is  of  interest  to  note  that  during  feasibility 
trials  of  an  airborne  hoist  system  on  the  Navy  UH-46 
helicopter,  a  rate  of  50  to  60  feet  per  minute  was  con¬ 
sidered  adequate.  If  we  assume  a  system  efficiency  of 
80  percent,  then  such  a  rate  would  require  the  follow¬ 
ing  power: 


4(3i  000  x  60  ,100  m  go  g  horsepower 

33,000  80  ^ 

Control  of  acceleration  and  deceleration  will  be  a 
function  of  the  winch  brake  system.  Results  of  inves¬ 
tigation  into  the  different  types  of  brakes  available 
have  shown  two  types  to  be  compatible  with  the  winch 
application*. 

a.  The  single-disc  type 

b.  The  multiple-disc  type 

A  typical  single-disc  brake  consists  of  a  spring- 
applied,  hydraulic-release  "failsafe"  unit  designed 
for  installation  on  the  input  end  of  a  helicopter 
winch.  For  a  given  brake  volume,  the  multiple-disc 
brake  is  capable  of  taking  higher  torques,  because  of 
its  multiple  friction  surfaces,  and  has  higher  heat 
capacity,  because  of  the  increased  mass  available  for 
heat  sink,  than  the  single-disc  brake.  However,  a 
single-disc  configuration  is  considered  superior  for 
winch  applications  for  the  following  reasons: 

a.  Positive  disc  clearance  is  easily  attained.  This 
is  important  at  the  high-speed,  low-torque  end. 

b.  A  failsafe  (spring  applied,  hydraulically  released) 
design  is  easily  and  economically  achieved. 

c.  Cost  is  generally  lgwer. 

d.  It  is  easier  to  maintain. 


The  final  choice,  however,  will  be  dependent  upon 
available  space  within  the  winch  envelope. 
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Investigation  has  shown  that  precise  control  of 
braking  can  be  achieved  if  advantage  is  taken 
of  some  suitable  automatic  braking  device  which 
would  control  the  braking  torque  in  such  a  way 
as  to  maintain  or  changg  the  rate  of  load  descent 
in  accordance  with  the  value  of  input  signal, 
which  in  turn  is  a  function  of  the  setting  of 
pilot's  or  loadmaster's  winch  control.  Such  a 
system  is  within  today's  state  of  the  art. 


3.  B.  u.abl.  for  towing  Xarg.  ground  v.hlcl««. 

Towing  from  a  single-point  winch  system  is  not  recom¬ 
mended  for  the  following  reasons * 

a.  The  drawbar  pull  capacity  of  a  helicopter  is  in 
excess  of  the  winch  lift  capacity.  An  unaccept¬ 
able  system  weight  penalty  would  result  if  the 
winch  were  designed  for  the  drawbar  capacity. 

b.  Rope  damage  would  result  unless  the  winch  installa¬ 
tion  was  designed  to  swivel  so  as  to  orient  the 
rope  always  in  a  direct  line  between  tow  and  winch. 

c.  optimum  location  of  single^point  winch  for  ver¬ 
tical  lift  may  not  be  compatible  with  the  tow 
requirements,  which  could  constitute  a  flight 
hazard. 

d.  Towing  is  best  achieved  )?y  locating  a  hard  point 
on  the  fuselage  at  the  optimum  location  for 
towing.  Towing  would  then  be  accomplished  with  a 
tow  rope  attached  at  this  location.  This  tow 
point  would  be  designed  with  a  tension-indicating 
device,  emergency  cutters,  and  a  tow  rope  lateral- 
angle  indicator.  The  latter  would  indicate  to 
the  pilot  his  alignment  with  the  tow.  It  should 
be  appreciated  that  a  large  degree  of  misalign¬ 
ment  constitutes  a  flight  hazard. 

Additional  requirements  for  the  multi-point  suspension  mode 
shall  be  to: 

1.  Provide  for  encaging  and  hoisting  a  minimum  load  while 
the  aircraft  is  hovering  at  heights  up  to  50  feet 
above  the  load. 
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The  acquisition  hsight  will  bs  influsncsd  by  ths  rotor 
downwash  velocity.  Available  data  tends  to  indicate 
that  50  feet  will  be  acceptable  both  from  a  pilot 
visibility  and  a  hazard-to-ground-personnel  point  of 
view,  it  must  be  appreciated  that  precise  data  for 
the  proposed  heavy-lift  helicopter  is  not  available. 
Further,  if  an  alongside  pickup  technique  is  resorted 
to,  an  effective  rope  length  of  50  feet  appears  to  be 
inadequate . 

2.  Have  a  normal  hoist  speed  rate  under  load  of  not  less 
than  30  feet  per  minute. 

As  in  the  case  of  the  single-point  mode,  the  multi¬ 
point  system  rate  was  derived  from  a  requirement  to 
restrict  acquisition  time  to  a  minimum.  In  a  multi¬ 
point  system,  acquisition  time  is  not  just  a  question 
of  how  much  rate  you  build  into  the  system  but  is  also 
a  matter  of  how  well  you  can  control  the  rate  of  all 
the  suspension  points.  In  a  two-point  system,  small 
discrepancies  in  hoist  length  between  front  and  rear 
points  cause  no  hazard  and  may  be  trimmed  out  when 
the  load  has  been  winched  up.  In  a  four-point  system, 
regulation  of  four  points  without  having  some  form  of 
synchronization  is  virtually  impossible;  one  rope  at 
least  will  always  be  slack,  resulting  in  additional 
load  being  carried  by  the  remaining  suspension  ropes. 

If  it  is  conceded  that  the  load  on  a  nonsynchronized 
four -point  system  might,  in  fact,  be  supported  during 
acquisition  by  only  two  of  the  suspension  ropes,  then 
the  system  should  be  designed  for  this  condition. 

This  would  result  in  a  system  having  four  winches  of 
the  same  capacity  as  the  winches  in  a  two-point  system, 
a  100-percent  weight  penalty. 

3.  Provide  collective  (simultaneous)  control  of  all 
hoisting  elements  from  each  control  station. 

Synchronization  of  the  winches  in  a  two-point  system 
is  not  critical;  however,  as  a  feature  which  will  give 
minimum  load  acquisition  time,  its  embodiment  is  con¬ 
sidered  justified.  Further  justification  for  synchro¬ 
nizing  a  two-point  system  is  that  it  permits  the  inte¬ 
gration  of  a  two-point  into  a  single-point  system, 
eliminating  the  need  for  a  single-point  winch.  This 
will  effectively  increase  the  payload  of  the  helicopter 
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by  approximately  2000  pounds.  As  a  function  of  load 
acquisition  rats  (Item  2  above) ,  synchronization  of  a 
four-point  system,  as  discussed  in  this  report,  dic¬ 
tates  that  such  a  requirement  be  mandatory,  unless  the 
resultant  weight  penalty  is  considered  acceptable. 

4.  Provide  simultaneous  load  release  at  all  suspension 
points. 

This  can  be  achieved  on  either  multi-point  system  by 
integrating  the  cargo  hooks  into  a  common  beam;  the 
penalty  is  weight.  In  the  case  of  a  two-point  beam 
carrying  a  hook  at  each  end,  the  addition  of  further 
hooks  along  its  length  will  create  bending  moments  in 
the  beam  which  will  further  increase  the  beam  weight. 

5.  Hav.  a  remote,  pluc-ln-tvc  control  itatlon  for  u»« 
bv  a  dismounted  loadmaster  to  control  the  multi-point 
system  (i.e.,  raising  and  lowering  of  the  hoist  and 
opening  and  closing  of  the  load  attachment  points) . 

This  is  an  aircraft  systems  requirement.  Investiga¬ 
tion  indicates  that  no  problem  exists  in  its  embodi¬ 
ment.  It  is  recommended  that  if  a  beam  system  is 
used,  controls  for  monitoring  the  system  be  provided 
on  the  beam  for  use  of  ground  personnel,  so  that  the 
system  may  be  trimmed  at  the  point  of  load  acquisition. 
This  would  be  in  addition  to  a  remote  plug-in  facility 
for  the  loadmaster.  The  reason  for  this  is  that  the 
loadmaster1  s  external  facility  will  be  used  when  the 
aircraft  is  on  the  ground,  whereas  system  trim  func¬ 
tion  by  ground  personnel  will  be  necessary  during 
hover  pickup. 

RELATIONSHIP  OF  WINCHES  TO  AIRCRAFT  CONFIGURATION  AND  ITS 
INFLUENCE  ON  HOIST  SYSTEM  DESIGN 

Although  the  contract  calls  for  no  specific  aircraft  configura¬ 
tion  to  be  taken  into  consideration  during  the  performance  of 
this  study,  some  appreciation  of  the  relationship  of  the  major 
components  of  the  proposed  systems  to  a  prime  mover  configura¬ 
tion  is  considered  to  be  of  assistance  in  appraising  the  various 
elements  analyzed  in  this  study.  Future  heavy-lift  helicopters 
may  be  a  pure  crane  or  transport  configuration  or  a  combination 
of  both.  The  configuration  used  in  this  study  is  a  combination 
of  both  configurations  and  is  one  of  those  shown  in  Report  No. 
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R445,  Rsfsrsncs  12. 

Thrss  sketches  are  presented  to  show  the  relationship  of 
various  winch  configurations  to  the  aircraft  structure. 
(Reference  Figures  91.  92  and  93.) 


Plus  Tour-Point  Systsm. 


Figure  92.  Single-  Plus  Two-Point  System 


Figure  93.  Two-Point  System  with  Single-Point  Node 
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PPKGIDim  MB  BUNK— NOT  FXXNED 
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1.  The  Uniting  diameter  for  wire  rope  it  1  inch;  in  oases 
whirl  tht  lift  requirement  exceeds  tht  capacity  of  1-inoh 
wire  rope,  a  rtavad  ropt  configuration  will  ba  uaad. 

2.  It  it  reoenmended  that  tha  wire-rope-to-winoh-drum  dia- 
matar  ratio  ba  not  lata  than  It  18.  Tha  ratio  for  ahaavaa 
ahould  not  ba  lata  than  lil5.  Thia  ataumat  a  construction 
at  rapraaantad  by  a  6  x  37  IWRC  Saala  Warrington  equal- 
laid  wira  ropa.  Flaat  anglaa  ahould  not  axoaad  2  dagraaa 
for  a  groovad  drum. 

3.  Electrical  conductora  with  thair  complimentary  alip  ring 
systems  ahould  ba  divorced  from  tha  winch/ropa  ay  a  ten. 

It  it  raconmandad  that  aaparata  constant-tension  cable 
reele  be  uaad  for  the  purpoee  of  conveying  electrical  con¬ 
ductora  from  tha  helicopter  to  tha  hoiat  system  cargo 
ralaaaa  madia. 

4.  Tha  capatan  type  of  winch  it  conaidarad  to  ba  superior  to 
the  drum  type  for  helicopter  external  hoiat  systeamT  princi¬ 
pally  bacauaa  of  tha  zero-moment  feature  of  tha  capatan 
type;  i.e.,  the  ability  to  auapand  tha  winch  from  a  a  ingle 
point  and  thue  eliminate  unde  air  able  eg  change  during 
reel-in  or  reel-out. 

5.  To  eatiafy  flight  aafaty  criteria,  it  ia  mandatory  that 
a  four-point  hoiat  eyatmn  have  synchronized  control  of 
the  four  winches.  The  development  of  such  a  system  will 
ba  expansive  both  in  time  and  in  dollars.  Before  tha  design 
of  a  four-point  synchronization  system  can  ba  initiated# 

a  study  of  tha  comprehensive  system  dynamics  must  ba 
performed. 

6.  For  an  installation  consisting  of  single  point  plus  two 
point  suspension#  a  capstan-type  winch  having  a  single- 
reeved  two-rope  suspension  ia  recommended  for  tha  single 
point  system.  The  wira  ropa  raconmandad  for  this  system 
is  a  1- inch- diameter  6  x  37  IWRC  Seale  Warrington  ropa  of 
equal-laid  construction.  Tha  two-point  •  system  raconmandad 
consists  of  two  winch  systems  identical  to  that  raconmandad 
for  tha  single  point  except  for  wira  ropa  length.  Since 
ropa  length  influences  only  the  storage  drum  capacity  and 
since  approximately  95%  design  conmonality  will  exist 
between  winch  types#  tha  wira  ropa  would  also  ba  tha  same 
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size  and  type  for  both  eyatems.  Zn  order  to  ensure  synchro¬ 
nized  release  of  cargo  hooks,  the  two-point  suspension  will 
terminate  in  a  beam,  thus  providing  a  common  base  for  inter¬ 
connection  of  cargo  hook  release  mechanisms.  The  cargo  hooks 
recommended  are  of  the  electromechanical  type  presently  in  use, 
modified  to  suit  installation  into  the  beam.  The  electrical 
conductors  for  hook  release  will  be  run  separately  from  the 
hoist  ropes  and  winches  via  a  constant-tension  cable  reel  from 
aircraft  to  cargo  beam.  The  load  isolators  recommended  are  of 
the  hydropneumatic  type  because  of  their  small  size,  low 
weight  and  high  degree  of  reliability.  Control  of  the  system 
consists  of  an  individual  variable  rate  for  each  winch  plus 
integration  of  both  winch  controls.  This  permits  system 
control  to  be  achieved  through  a  four-way  control,  permitting 
raise- lower- forward  trim-aft  trim.  The  above  recommendation 
is  based  on  the  following  for  a  single-  plus  two-point  system: 

a.  Lowest  system  weight  (single-  plus  multi-point) 

b.  Lowest  system  cost 

c.  Versatility  of  capstan  principle  which  permits  design 
flexibility  to  suit  differing  aircraft  configurations 

d.  High  degree  of  parts  commonality  between  a  single-  and  a 
two-point  system 

e.  Lowest  cost  and  development  time  for  a  single-  plus  multi¬ 
point  system 

f.  System  control  relatively  simple  (i.e.,  similar  to 
existing  qualified  control  systems) 

g.  Maintenance  requirements  least  for  a  single-  plus  multi¬ 
point  system 

h.  Cargo  release  system  that  satisfies  established  flight 
safety  criteria 

i.  Suspended  beam  system  that  forms  a  base  for  acquisition  of 
loads  (i.e.,  pods,  containers,  etc.) 

j.  All  items  designed  within  today's  state  of  the  art 
(see  sketch) . 
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7.  For  an  installation  consisting  of  a  single-point  plus  a 
four-point  suspension,  the  single-point  system  recommended 
is  identical  to  the  single-point  system  in  6,  above.  The 
recommendation  for  the  four-point  system  is  four  capstan- 
type  winches,  the  hoist  ropes  of  which  terminate  in  a 
beam  frame  to  which  are  secured  four  cargo  hooks.  The 
frame  will  form  a  base  for  interconnection  of  the  hook 
releases  so  as  to  ensure  hook  release  synchronization. 

The  cargo  hooks  recommended  are  of  the  electromechanical 
type  presently  in  use,  modified  to  suit  installation  into 
the  beam  frame.  The  electrical  conductors  for  hook  release 
are  run  separately  from  the  hoist  ropes  via  a  constant- 
tension  cable  reel  from  aircraft  to  beam  frame.  The  load 
isolators  recommended  are  of  the  hydropneumatic  type 
because  of  their  relatively  small  size,  low  weight  and 
high  reliability.  In  order  to  meet  flight  safety  require¬ 
ments,  full  synchronization  of  the  four  winches  is  recom¬ 
mended  based  on  the  following  for  a  single-point  plus  a 
four-point  system: 

a.  Versatility  of  capstan  principle  to  permit  design 
flexibility  to  suit  differing  aircraft  configurations 

b.  Flight  safety  criteria  satisfied 

c.  Suspended  beam  system  that  forms  a  base  for  acquisition 
of  loads  (i.e.,  pods,  containers,  etc.) 

d.  Lowest  system  cost  and  weight  which  satisfies  safety- 
of-flight  criteria  for  acquisition  and  transporting 
externally  slung  loads 

e.  All  components  except  synchronization  control  system 
within  today's  state  of  the  art 

8.  The  above  systems  (6  and  7)  exceed  the  design  weight 
objective  of  4000  pounds  (6  being  4790  pounds,  7  being 
6415  pounds).  In  order  to  meet  the  4000-pound  objective, 
Vertol  submits  for  consideration  the  following  system 
consisting  of  a  two-winch  system  which  will  satisfy  both 
single-  and  multi-point  suspension  modes.  Such  a  system 
would  be  similar  to  that  described  above  (6)  for  a  two- 
point  system.  The  single-point  mode  would  be  achieved  by 
integrating  the  lift  point  with  the  cargo  beam  into  one 
hook  either  mounted  in  the  center  of  the  beam  or  suspended 
from  the  two  beam  end  hooks  to  form  one  common  hook.  This 


177 


system  would  satisfy  all  ths  requirements  required  for  a 
single-  and  multi-point  mode  system  without  the  disadvan¬ 
tage  of  installing  a  40,000-pound-capacity  winch,  resulting 
'  in  a  system  weight  reduction  of  approximately  2100  pounds. 
Such  a  system  is  estimated  to  weigh  3000  pounds.  Any 
subsequent  requirement  for  a  single-point  hoist  system  of 
the  same  capacity  could  be  met  by  using  the  same  winch  with 
a  reeved  cable.  This  system  is  Vertol's  recommendation  for 
a  system  satisfying  the  requirements  for  a  single-  and 
multi-point  mode  external  hoist  system  because  it: 

a.  Is  the  lightest  of  all  systems  investigated  which  meets 
multi-point  and  single-point  modes. 

b.  Is  the  least-cost  system. 

c.  Needs  no  complex  control  system. 

a.  Meets  flight  safety  requirements  for  load  release. 

* 

e.  Is  capable  of  employing  higher  hoist  rates  than  a 
four-point  system,  since  it  is  more  controllable. 

f.  Uses  winches  that  would  be  adaptable  to  both  a  two- 
winch  system  and  a  single-winch  (reeved)  rope  system 
for  the  same  capacity. 

g.  Weighs  1000  pounds  less  than  the  design  objective  of 
4000  pounds. 

h.  Is  the  least  complex  installation,  resulting  in  a 
weight  saving  on  the  prime  mover. 

SUMMARY  OF  THE  RELATIVE  MERITS  OF  HOIST  SYSTEM  COMPONENTS  AND 
COMPLETE  HOIST  SYSTEMS  INVESTIGATED  IN  THIS  REPORT 

Below,  in  Tables  VII  and  VIII,  are  compiled  the  relative  merits 
of  components  and  complete  hoist  systems.  Only  the  major 
elements  contributing  to  the  most  effective  hoist  system  are 
considered;  prime  mover  configurations  including  power  system 
requirements  are  not  considered. 

*  / 

Hoist  system  elements  considered  are  as  follows: 

1.  Weight  -  Hoist  system  components,  excluding  the  weight  of 
basic  aircraft  structural  provisions  for  their  installation; 
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such  changes  ara  consider  ad  in  installation* 

2.  coat  -  The  costs  involved  to  design,  fabricate  and  qualifi¬ 
cation  test. 

3.  Maintenance  -  The  relative  maintenance  required  based  on 
inspection  requirements,  component  replacement  and  com¬ 
ponent  accessibility. 

4.  Reliability  -  The  relative  reliability  assessed  as  a 
function  of  the  number  and  complexity  of  components  involved 
within  a  given  system. 

5 .  Flight  Safety  -  The  relative  degree  with  which  each  component 
(when  applicable)  or  system  contributes  to  achieving 
optimum  safety  of  the  prime  mover  and  ground  personnel 
during  load  acquisition,  flight  with  load  and  load  delivery. 

6.  Installation  -  The  relative  adaptability  of  the  basic  design 
to  varying  installation  requirements,  plus  the  relative  com¬ 
plexity  of  structural  changes  to  basic  airframe  structure 

to  accommodate  the  various  system  components. 

7.  Productivity  -  The  relative  contribution  of  the  component 
or  system  to  the  achievement  of  optimum  system  (helicopter 
plus  hoist  system)  productivity,  including  acquisition 
time,  quantity  of  ground  support  required  and  load  delivery. 

8.  Efficiency  -  The  relative  ability  of  the  component  or 
system  to  perform  its  intended  function, considering  the 
design  and  performance  objectives  specified. 

Note:  Ten  degrees  of  acceptability  are  used,  one  being  consid¬ 
ered  to  be  the  best  for  the  element  under  consideration; 
i.e.,  a  1  under  weight  indicates  the  lightest  component 

or  system,  and  a  10  under  flight  safety  indicates  that 
flight  safety  requirements  have  not  been  met. 


<- 
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TIVE  MERITS  OF.  COMPLETE  HOIST  SYS 
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Synchronized  (Four- Point) 


asm.  i  -  mams  gamma  abb  sm  ama  ice  the 

design,  mBBfflBBL  mp  qualification  testing 

OF  A  40. 000 -POUND  EXTERNAL  HOIST  SYSTEM 


SLNmm  SSBESM. 

The  schedule  given  in  Figure  94  covers  e  planning  estimate  of 
the  time  span  required  for  the  development  of  an  external  hoist 
system  of  40, 000-pound  dynamic  capacity  for  use  on  future 
heavy-lift  helicopters.  The  system  will  consist  of  either t 

1.  A  single-point  hoist  system  plus  a  two-point  hoist 
system  or 

2.  A  single-point  hoist  system  plus  a  four-point  hoist 
system. 

These  systems  are  covered  by  Event  No.  1  of  the  schedule. 

In  addition.  Events  No.  2  and  No.  3  cover  the  development 
planning  estimate  of  the  time  required  to  develop  a  system 
capable  of  achieving  synchronized  control  of  the  multi-point 

systems . 

Event  No.  1  Time  Span 

The  element  dictating  the  time  span  for  this  event  is  the 
design  and  manufacture  of  the  winches.  Checks  with  established 
airborne  winch  designers  and  manufacturers  have  confirmed  that 
fifteen  months  is  a  realistic  figure.  Other  items  of  equip¬ 
ment  procured  from  outside  sources  by  winch  manufacturers  all 
fall  within  this  time  span  and  includes 

1.  Hydraulic  Motors  (12  months) 

2.  Load  Isolators  (6  months) 

3.  Tensiometers  (6  months) 

4.  Cable  Cutters  or  Shaped-Charge  Devices  (5  months) 

5.  Cargo  Hooks  (9  months) 

6.  Cable  Tension  Reels  (10  months) 
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Evnt  Wo.  2  Time  Spin 

A  total  estimated  tiros  span  of  fourteen  months  for  this  avant 
assumas  that  tha  systam  is  fully  synchronized.  Such  a  systam 
could  ba  built  with  existing  tachnology.  Zf  a  nonsynchronized 
systam  was  considarad  acceptable  for  this  mods,  tha  dava lop- 
roan  t  tiroa  span  could  ba  raducad  to  six  months.  In  aithar  case, 
tha  davalopmant  time  span  is  lass  than  that  required  for  Event 
No.  1. 

Event  No.  3  Tima  Span 

A  total  estimated  time  span  of  twenty- four  months  for  this 
event  assumas  that  tha  systam  is  fully  synchronized.  The  major 
element  dictating  this  is  tha  estimated  six  months  raquirad  to 
establish  the  basic  criteria  before  systam  design  can  begin. 

The  long  development  time  of  this  event  exceeds  that  of  Event 
No.  1,  which  results  in  an  extension  of  the  overall  system 
qualification  time  to  thirty  months. 

It  should  be  noted  that  this  schedule  does  not  include  any 
flight  testing. 

PLANNING  COST  ESTIMATE 

Planning  estimates  for  Events  No.  1  and  No.  2,  which  assume 
that  two  complete  sets  of  hardware  will  be  manufactured,  have 
been  derived  from  estimates  of  similar  systems.  The  estimates 
include  full  qualification  by  simulation  of  flight  parameters 
but  exclude  an  operational  evaluation  (i.e.,  flight  testing). 

The  estimates  which  follow  do  not  include  the  cost  of  a  test 
facility: 

1.  Single-point-mode  plus  two-point-mode  systems  complete 
with  control  system  giving  synchronized  control  of 
the  two-point  mode: 

$400,000  to  $600,000. 

2.  Single-point-mode  plus  four -point-mode  systems  complete 
with  control  system  giving  synchronized  control  of  the 
four-point  mode: 

$700,000  to  $800,000. 
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Zn  addition  to  tha  abova,  it  ia  aatimatad  that  a  taat  facility 
having  a  capability  to  taat  tha  abova  ayatana  would  coats 


$80,000  to  $100,000. 
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The  objective  of  the  Phaee  II,  preliminary  deeign  part  of  the 
heavy-lift  helicopter  external  cargo  handling  ayetem  study  ia 
to  produce  preliminary  design  drawings  in  sufficient  detail 
to  provide  a  basis  for  future  detail  design,  fabrication  and 
qualification  of  an  experimental  hoist  system.  In  support  of 
the  preliminary  deeign,  a  preliminary  load  and  strese  analysis, 
a  maintainability  analysis  and  a  reliability  analysis  are  pro¬ 
vided.  These  supports  will  confirm  the  feasibility  and  prac¬ 
ticality  of  the  hoist  system  and  will  pinpoint  those  areas 
where  independent  detail  development  may  be  necessary  to 
eliminate  any  "back  to  the  drawing  board"  philosophy  during 
system  development. 

GENERAL  DESCRIPTION  OF  SYSTEM 

The  system  is  based  on  Vertol's  recommendation  (refer  to 
Paragraph  8)  in  the  Conclusions  and  Recommendations  section  of 
the  Phase  I  Design  Analysis  section  of  this  report.  The 
experimental  hoist  system  is  a  two-winch,  two-point  system  con¬ 
sisting  of  two  capstan-type  winches,  the  arrangement  of  which 
results  in  a  winch  system  free  to  pivot  about  the  prime  mover's 
longitudinal  axis.  The  suspension  system  (one  wire  rope  from 
each  winch)  terminates  at  the  ends  of  a  beam  to  which  are 
secured  two  cargo  hooks.  The  beam  forms  a  common  base  for  the 
interconnection  of  the  hook  release  mechanisms,  permitting 
simultaneous  release  of  the  hooks  through  a  common  electro¬ 
mechanical  actuator,  thus  satisfying  the  specified  normal  mode 
of  release  operation.  Manual  release  of  the  system  (emergency 
mode)  utilizes  the  same  basic  linkage  except  that  a  manual 
input  is  applied  in  lieu  of  an  electrical  one. 

The  electrical  conductors  with  integral  manual  release  input 
cable  are  run  from  the  beam  Jc.o  the  prime  mover,  where  they  are 
stored  on  a  constant  torque  reel,  automatically  deploying  in 
or  out  as  the  beam  rises  or  falls. 

DESCRIPTION  OF  SYSTEM  COMPONENTS  (Refer  to  Table  IX) 

Winches 

Two  identical  winches  are  utilized.  The  winches  are  of  a 
capstan  type  configured  as  illustrated  in  Figure  95.  It  will 
be  noted  that  the  winch  is  mounted  so  as  to  be  free  to  pivot 
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TABLE  ZX 

LEADING  PARTICULARS  OF  WINCH  SYSTEM 

Capstan  Type 

Dynamic  Capacity  (per  winch) 

25 , 000  lbs 

Lift  Rate 

60  ft  per  min 

Wire  Rope 

1-in.  dia,  type  6  X  37 
Warrington  Searle 

Wire  Rope  Dia/Drum  Dia  Ratio 

1*18 

Lift  Height 

150  ft 

Mechanical  release 

Release  Normal  Mode 

Electromechanical 

Release  Emergency  Mode 

Mechanical 

Indicators 

Hook  open/hook  closed 

Electrical  Conductor  Reel 

Normal  Operation 

Electrical  torque  motor 

Emergency  Release 

Mechanical 

System  Control 

Winch  Control 

Independent  variable -speed 
control  of  each  winch  plus 
integrated  control  through 
one  four-way  switch 

System  Emergency  Release 

Dual- cartridge  type  cable 
cutters  on  each  winch  - 
electrically  initiated  through 
separate  circuits 
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1 _ TABLE  IX  Continued  1 

Cable  Length  Indicator 

Provision  on  winches  for 
driving  a  cable  footage  indi¬ 
cator  pot  plus  limit  switches 
to  control  max  &  min  cable 
lengths 

Braking  System 

Automatic  load  brake  system, 
in  which  the  brake  unit  is  an 
integral  portion  of  the  drum 
drive  mechanism 

on  its  longitudinal  axis;  such  an  arrangement  eliminates  local¬ 
ized  bending  of  the  wire  suspension  rope  due  to  lateral  swinging 
of  the  load. 

Essentially  the  winch  consists  of  two  side  beams,  each  end  of 
which  terminates  in  a  self-aligning  ball-type  support  bearing. 
The  side  beams  support  the  two  capstan  drive  drums  and  the 
cable  storage  reel.  The  relationship  of  the  drums  and  storage 
reel  is  such  that  wire  rope  fleet  angles  are  kept  within 
acceptable  limits.  (The  angles  on  the  design  shown  in  Figure 
95  are  1.8  degrees  between  drum  and  drum  and  2.4  degrees  from 
drum  to  storage  reel.  The  2.4  degrees,  while  being  in  excess 
of  the  recommended  practice  of  2  degrees,  is  considered  accep¬ 
table  since  the  wire  rope  is  subjected  to  a  nominal  tension 
load  only  between  drum  and  storage  reel.) 

Capstan  Drums 

Both  drums  have  a  tread  diameter  of  18  inches  (i.e.,  an  18 tl 
drum-wire  rope  diameter  ratio) .  The  "main"  drum  houses  the 
three-stage  planetary  reduction  gearing,  which  is  the  final 
portion  of  the  winch  drum  drive,  and  automatic  brake  mechanisms. 
The  secondary  drum  is  driven  from  the  main  drum  through  an 
idler  gear  (see  Figure  96).  An  external  drive  takeoff  is 
provided  from  this  idler  gear  for  the  installation  of  a  cable 
footage  indicator  and  limit  switch  system  (see  Figure  96). 

A  chain  sprocket  is  mounted  on  the  drum  to  provide  power  to 
the  storage  drum. 
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Figure  95.  Winch  Assembly,  20-Ton  Hoist  System 


Both  drums  ars  designed  to  be  fabricated  from  light  alloy 
castings.  However ,  light  alloys  used  to  facilitate  manufacture 
and  to  maintain  an  optimum  strength-weight  ratio  are  considered 
to  be  unacceptable  as  a  wire  rope  tread  (groove)  material 
because  of  the  high  localised  radial  bearing  pressure  imposed 
by  the  wire  rope.  To  accommodate  this  high  radial  bearing  load 
and  to  ensure  acceptable  limits,  wire  rope  life  steel  treads, 
made  from  alloy  steel,  have  been  embodied  on  the  drum  rims. 

The  steel  treads  are  keyed  to  the  basic  drum  to  provide  shear 
transfer,  clearance  and  flexibility  to  compensate  for  the 
differential  expansion  of  the  light  alloy  inner  drum  and  steel 
tread  rim.  (See  Figure  97.) 

The  grooves,  for  wire  rope  guidance  on  the  drums,  are  shown 
with  a  profile  having  a  flat  bottom  tread.  Since  the  wire 
rope  must  traverse  from  grooves  on  one  drum  to  adjacent  grooves 
on  the  other  drum,  it  would  tend  to  climb  out  if  the  groove 
were  circular  in  profile, thus  imparting  additional  tension  to 
the  rope  between  drums.  Since  no  qualification  for  this  eventu¬ 
ality  exists,  it  is  recommended  that  specimens  of  different 
groove  profiles  be  tested  to  obtain  the  optimum  profile.  It 
will  be  noted,  however,  that  the  basic  design  shown  (refer  to 
Figure  97)  provides  for  changing  the  tread  rims  without  redesign 
of  the  basic  drums.  (Such  philosophy  also  permits  the  changing 
of  rims  during  winch  overhaul  without  the  necessity  of  changing 
complete  drums.) 

Drum  Drive  and  Brake  System 

Figure  98  presents  a  schematic  diagram  of  the  main  drum  drive 
and  automatic  brake  mechanism  which  is  comprised  of  the 
following  main  components: 

1.  Hydraulic  motor 

2.  Initial  reduction  gearing 

3.  Reverse -locking  clutch 

4.  Intermediate  gearing 

5.  Drive  shaft  with  Acme  screw  thread  at  one  end 
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-  400  ROk  MR,  4t  TUTH 
9RURGtAR(PINK3N) 

■  EXTERNAL  REAL 


TAPERED  ROLLER 
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SPUR  GLAR(PINION) 

EXTERNAL  SEAL 

TAPER tD  ROLLER 
BEARINO 


Figure  97.  Winch  Drum  Drive  and  Automatic  Brake,  20-Ton 
Hoist  System. 
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Figure  98.  Winch  Drum  Drive  and  Automatic  Brake  Schematic 
Diagram. 


6.  Screw  nut  trtiich  incorporate*  an  input  clutch 

7.  Brake  assembly 

8.  Backatop  clutch 

9.  Drum  reduction  gearbox 
Svtem  Function! 

1.  Hoisting  th.  Lo.d 

When  fluid  power  ia  auppliad  to  the  motor  and  the  motor 
atarta  to  rotate  in  the  load  lifting  direction,  rotary 
motion  ia  tranamitted  through  the  initial  gearing,  the 
reverae  locking  clutch  and  intermediate  gearing  to  the 
acrew  nut,  to  which  one  of  the  geara  ia  keyed.  Before 
the  drive  ahaft  can  be  rotated, aufficient  friction 
torque  in  the  input  clutch  muat  be  built  up.  Thua, 
the  aequence  of  event*  ia  auch  that  the  acrew  nut  fifat 
atarts  to  rotate  on  the  shaft  acrew  and  by  so  doing  dia- 
placea  itself  axially  towarda  the  brake  aaaembly.  Next, 
when  the  brake  and  the  input  clutch  are  aufficiently 
energized,  the  drive  shaft  also  starts  to  rotate;  then, 
through  the  gearbox,  it  overcomes  the  load  reaction 
torque,  and  the  load  is  raised.  The  fact  that  the  brake 
is  applied  does  not  create  an  obstacle  to  the  load 
lifting  action  because  the  backstop  clutch,  geared  to 
the  brake  housing,  permits  the  entire  brake  assembly 
to  rotate  freely  in  the  load  lifting  direction.  The 
backstop  clutch  acts  in  the  same  way  as  the  ratchet 
and  pawl  mechanism, permitting  rotation  in  one  way  and 
arresting  the  motion  in  the  opposite  way. 

2.  Holding  the  Load 

As  the  brakes  have  already  been  energized  on  load  lift¬ 
ing,  the  situation  at  the  end  of  hoisting  is  such  that 
the  winch  drum,  gearbox,  and  drive  shaft  are  all 
torsionally  fixed  through  the  brake  action  to  the 
brake  housing.  Thus,  when  hydraulic  power  is  released, 
any  tendency  by  the  drum  to  rotate  in  an  opposite 
direction  will  be  transmitted  to  the  brake  housing, 
which,  in  turn,  will  be  immediately  arrested  by  the 
backstop  clutch  and  the  load  will  be  held  steady. 
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If  we  now  assume  tha't  the  brake  torque  was  Xasa  than 
that  which  la  raquirad  to  hold  tha  load,  and  that  braka 
alippage  occur rad,  than  again  a  ralativa  motion  will 
taka  placa  batwaan  tha  acraw  and  of  tha  driva  ahaft 
and  tha  nut.  Tha  nut  will  ba  drawn  towarda  tha  braka 
and  will  incraaaa  tha  braka  loading  forca  until  tha 
braka  alippaga  atopa.  The  raver ae-locking  clutch  will 
not  permit  tha  nut  to  rotate  with  tha  acraw  without 
axial  diaplacement  and  thua  aaauraa  tha  braka  loading 
action  aa  a  raault  of  tha  axceaaiva  load  torque. 

3.  ttaaiina. 

To  lower  the  load,  it  ia  neceaaary  to  provide  hydraulic 
motor  torque  in  the  direction  oppoaite  to  load  hoiating. 
The  effect  of  motor  input  motion  on  the  acrew  nut  ia 
such  as  to  start  unscrewing  the  nut  away  from  the  brake. 
This  will  diminish  the  brake  loading  force  to  such  an 
extent  as  to  obtain  descent  of  the  load  at  a  rate  deter¬ 
mined  by  the  motor  speed.  The  screw  nut  acts  aa  a 
governor  and  seeks  a  balanced  position  corresponding  to 
torque  equilibrium  and  load  steady  motion.  If  the  winch 
drum  picks  up  speed  in  excess  of  the  equilibrium  condi¬ 
tion,  the  nut  is  drawn  towards  the  brake  and  increases 
the  braking  torque,  thereby  slowing  down  the  load. 

If  the  drum  speed  starts  to  lag  below  the  balance 
speed,  the  braking  torque  will  be  decreased  by  the  nut 
outward  motion,  and  the  load  speed  will  be  corresponding¬ 
ly  increased,  to  return  to  the  balanced  condition. 

4.  Lowering  the  Beam  Hook  System  at  No-Load  Condition 

The  case  is  now  considered  when  the  weight  of  the  hook 
(or  beam  with  hooks)  is  not  sufficient  to  overcome  drum 
drive  mechanism  friction  torque  to  unwind  the  rope.  As 
previously  described, the  load  lowering  motion  was  ini¬ 
tiated  by  providing  hydraulic  motor  input  motion  to 
permit  release  of  the  brake.  The  drum  motion  was 
caused  by  the  load  torque.  We  now  assume  that  when 
the  brake  is  released ,the  drum  will  not  start  to  rotate. 
In  this  case  the  screw  nut  will  travel  away  from  the 
brake  until  it  reaches  a  stop  collar.  Further  rotary 
motion  applied  to  the  nut  will  create  an  axial  force, 
and  the  resulting  buildup  of  torque  is  sufficient  to 
rotate  the  shaft.  Figure  97  represents  the  prelimi¬ 
nary  layouts  of  the  drum  drive  and  brake  mechanism. 
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Storage  Drum 

Figure  99  shows  in  detail  the  build-up  of  the  wire  rope 
storage  drum.  Essentially ,  it  is  of  light  alloy  construction 
suitably  supported  from  the  main  winch  beams.  The  drive  to 
this  drum  is  by  drive  chain  from  the  second  capstan  drum. 

Since  the  effective  storage  diameter  of  the  wire  rope  changes 
with  rope  length,  and  since  a  nominal  tension  is  required  in 
the  wire  rope  to  the  capstan  drums,  the  storage  drum,  during 
the  lifting  cycle,  is  overdriven  through  a  slipping  clutch 
(Figure  99).  During  the  lowering  cycle,  the  drive  to  the 
storage  drum  is  severed  by  a  one-way  drive,  torque  reaction 
from  the  storage  drum  being  reacted  by  a  backstop  device. 
Adjustment  for  the  clutch  is  provided  in  order  to  set  it  at 
optimum  breakout  torque  during  qualification  and  to  provide 
a  means  for  adjustment  to  compensate  for  wear  during  service. 

In  order  to  ensure  the  even  wrapping  of  wire  rope  on  the  drum, 
a  level  wind  has  been  embodied,  this  being  chain  driven  from 
the  storage  drum.  All  chains  are  of  the  self-lubricating  type, 
and  all  chain  drives  are  encased  to  exclude  foreign  objects 
(see  Figure  100) . 

All  bearings  used  in  the  storage  drum  assembly  are  of  prelubri¬ 
cated  or  sealed  type  or  have  provision  for  relubrication. 

The  capacity  of  the  drum  is  150  usable  feet  of  wire  rope,  plus 
three  complete  turns  for  wire  rope  retention. 

Wire  Rope  Cutters 

Dual  cable  cutters  are  provided  (Figure  101)  .  These  are  of  the 
cartridge  type  similar  to  those  designed  by  Holex  Incorporated, 
Holister,  California. 


Miscellaneous  Details 


1.  Wire  Rope  Reel -Out 

Provision  is  made  for  powered  reel-out  of  the  wire 

rope  (see  Figure  102) ,  the  drive  being  taken  through 

an  idler  gear  from  the  main  driving  drum.  t 
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OVERRUNNING  CLUTCH 
(LOCKS  ON  REEL- OUT) 


Figure  99jDetail  of  storage  Drum  Winch,  20-Ton  Hoist  System, 
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Figure  100.  Detail  of  Level-Wind  Winch,  20-Ton  Hoist  System* 
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Figure  101.  Detail  of  Rope  Cutters  and  Bellmouth  Winch, 
20-Ton  Hoist  Syatem. 
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Figure  102.  Detail  of  Tension  Pulleys  and  Retention  Rollers, 
20-Ton  Hoist  System. 
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2. 


Comp* nation  for  Wirt  Rome  flprinqbtck 


To  prevent  tht  wir#  ropt  from  jumping  out  of  tho  drum 
groovoa  dut  to  wirt  ropt  epringback  ,  a  rolltr  la 
provldtd  to  rata  in  tht  wirt  ropt  in  tht  groovta 
(att  Figurt  102). 

3.  Btllmouth 

Tht  wirt  ropt  txit  btllmouth  ia  dtaigntd  to  rotata 
about  tht  lataral  axia  of  tht  winch.  Thia  rtducta 
localistd  ropt  banding  dut  to  longitudinal  twinging 
of  tht  load.  (Lataral  load  awing ing  ia  companaatad 
for  by  tht  winch  bting  frtt  to  pivot  about  tht  winch 
longitudinal  axia,  rtftrtnct  Figurt  101.) 

4.  Cloaurt  of  Qptn  Artat  of  Winch 

No  proviaion  haa  bttn  shown  on  tht  basic  dtsign  of  tht 
winch  to  protect  tht  structure  and  personnel  in  the 
event  of  a  wild  rope,  ithe  reason  bting  that  this  could 
be  integrated  with  any  complete  winch  "cover"  during 
installation  design. 

5.  Winch  Mounts 

Although  an  installation  requirement,  the  establishment 
of  winch  mounts  was  necessary  during  the  performance 
of  this  design  study  in  order  to  establish  the  instal¬ 
lation  criteria  for  the  load  isolator.  It  will  be 
noted  that  the  main  mount  in  the  installation  shown 
houses  the  load  isolator  and  also  carries  into  the 
prime  mover  structure  any  axial  loads  felt  by  the  winch 
due  to  a  swinging  or  trailing  load.  The  remaining 
mount  is  pin-jointed  to  the  prime  mover  structure  in 
order  to  facilitate  winch  installation  and  removal 
(see  Figures  103  and  104). 

The  winch  installation  shown  in  Figure  105  assumes 
mounting  in  a  transport- type-configured  prime  mover, 
which  places  the  load  isolator  in  compression. 

Assembly 

The  purpose  of  the  beam,  shown  in  Figure  ]|16,  is  to  form  a 
common  base  to  permit  mechanical  interconnection  of  the  cargo 
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Figure  104.  Main  W: 
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hook  release  mechanisms,  necessary  to  ensure  simultaneous 
release  of  hooks. 

The  beam  is  of  conventional  aircraft  construction,  being  fab¬ 
ricated  from  standard  aluminum  alloy  extrusions  and  aluminum 
alloy  sheet.  The  cargo  hooks  are  based  on  an  established 
design.  Those  shown  on  Figure  116  have  operating  features 
identical  with  the  Eastern  Rotor  Craft  Corporation  Model 
2S-200-type  military  airborne  cargo  hook.  The  hook  bodies 
have  been  modified  to  make  them  compatible  with  their  instal¬ 
lation  onto  the  cargo  beam  assembly.  The  hooks  are  mechani¬ 
cally  operated  and  are  self-cocking  (i.e.,  upon  release  the 
falling  load  winds  up  a  torsion  spring  which  stores  up 
sufficient  energy  to  return  the  hook  to  its  "ready  to  load" 
status  automatically) .  Electrical  circuits  (microswitches) 
for  hook  status  indication  are  provided.  No  touchdown 
release  is  called  for;  however,  the  basic  hook  design  is 
compatible  should  such  a  requirement  be  justified  during 
future  system  development.  To  achieve  the  optimum  strength- 
weight  ratio,  the  hook  assemblies  have  been  made  an  integral 
part  of  the  beam.  This  feature  could  be  changed  to  permit 
the  hooks  to  be  mounted  to  the  beam  by  two  bolts  (i.e.,  con¬ 
ventional  hooks  have  two-point  mounting  holes  as  a  standard 
method) .  The  result  of  this  change  would  be  an  increase  in 
weight. 

It  will  be  noted  that  the  hooks  are  "stepped"  down  from  the 
beam  centerline,  the  reason  being  that  when  the  hoist  system 
is  used  in  a  single-point  lift  mode,  the  beam  is  subjected  to 
compression  forces*  The  design  shown  allows  these  forces  to 
be  reacted  on  the  ^  of  the  beam,  thus  ensuring  optimum  weight- 
strength  ratio  for  the  beam.  (Refer  to  Figure  107  for  single¬ 
point  mode.)  However,  the  installation  of  the  hoist  system 
into  a  prime  mover  may  well  dictate  that  the  beam  system  be 
recessed  into  the  fuselage  structure,  in  which  case  it  may 
prove  advantageous  to  design  the  beam  structure  such  that  the 
top  surface  of  the  beam  is  relatively  flat,  thus  minimizing  the 
cut-out  depth  in  the  prime  mover  structure. 

Load  Isolator  and  Load  Cell 

The  load  isolator  shown  is  of  the  oleo-pneumatic  type  and  is 
so  designed  that  it  will  be  installed  as  a  self-contained 
system  (i.e.,  no  separate  external  pressure  source  or  oil 
reservoir  will  be  necessary  for  its  operation)  .  Figure  103 
shows  the  load  isolator  mounted  within  the  main  winch  mounting 
bracket.  This  type  of  installation  calls  for  a  compressive- 
type  load  isolator  (compressive  operation  is  considered 


213 


rii  a  iMat-eh  t ».» t#  *►*  i 


LOAD  ISOLATOR 


Isolator  Mount  (Transport) 


Pigurs  107.  Isolator  Mounts* 


to  bo  the  most  of ficient)  •  The  isolator#  which  in  principle 
is  the  same  as  a  landing  gear  strut#  is  considered  to  have  a 
service  life  in  excess  of  the  specified  life  of  the  hoist 
system. 

The  load  cell  is  installed  in  series  with  the  load  isolator. 

Its  purpose  is  to  display  to  the  pilot  and  crane  operator  the 
actual  load  in  each  suspension  rope. 

The  system  component  relationship#  shown  in  Figure  105#  assumes 
the  prime  mover  to  be  transport  configured.  If  the  hoist 
system  were  to  be  installed  in  a  crane-configured  prime  mover# 
the  component  relationship  would  be  simLlar  except  that  the 
winch  supports  would  be  rotated  180  degrees  (i.e.#  the  winches 
would  hang  from  the  aircraft  structure) .  The  result  of  such 
an  arrangement  would  cause  the  load  isolator  and  the  load  cell 
to  become  inoperative.  To  Utilize  the  same  load  isolator/load 
cell  design#  the  main  winch  support  would  require  redesign 
such  as  is  shown  in  Figure  107. 


DESIGN  AND  DEVELOPMENT  PROBLEM  AREAS 
General 

No  components  or  subcomponents  called  for  in  the  preliminary 
design  shown  in  this  report  are  beyond  today's  state  of  the 
art.  Recommended  design  practices  in  the  application  of  wire 
rope  have  been  rigidly  adhered  to.  The  drive  system  is  of 
conventional  design, and  all  bearings  shown  are  of  standard 
size  and  available  as  stock  items.  The  specific  source  of  the 
bearings  is  not  indicated  so  as  to  permit  the  designer  a 
choice  during  detail  design  of  the  system.  The  brake  system 
has  been  designed  around  existing  units;  adaptation  in  some 
cases  will  require  minor  modification  to  off-the-shelf  items, 
but  in  no  instance  will  redesign  become  necessary. 

Problem  Areas 

Although  the  recommended  practices  in  the  application  of  wire 
rope  have  been  adhered  to#  the  application  of  wire  rope  in 
capstan-type  winches  poses  problems  for  which  little  qualita¬ 
tive  data  exists.  The  problems  are  as  follows: 
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Rope  Load  Transfer  to  Drum 


In  a  capstan-type  winch,  the  wire  rope  is  wound  around 
two  grooved  driven  drums.  Load  in  the  wire  rope  is  trans¬ 
ferred  by  friction  into  the  driven  drums.  The  use  of  a 
standard  formula  to  determine  the  optimum  amount  of  drum 
surface  area  contacted  (by  the  rope)  is  dependent  on  the 
coefficient  of  friction  of  the  rope  and  drum.  Recognized 
standard  methods  of  obtaining  rope  and  drum  coefficient  of 
friction  in  this  particular  application  are  unreliable. 
Since  this  results  in  an  unknown  in  the  preliminary  design 
shown  (see  Figure  97)  ,  the  drums  have  been  overdesigned; 
e.g.,  the  maximum  number  of  grooves  that  the  available  drum 
width  will  allow  have  been  provided  so  that  the  number  of 
wraps  may  be  reduced  during  qualification  testing  of  the 
winch  if  necessary.  It  should  be  noted  that  the  least 
number  of  turns  required  to  effect  load  transfer  must  be 
determined,  since  any  "extra"  turns,  although  they  may  be 
considered  an  additional  assurance  against  rope  slippage, 
reduce  rope  fatigue  life  (e.g.,  more  bends). 


2 .  Groove  Form 


The  form  of  the  groove  is  important  since  the  wire  rope, 
in  transferring  from  drum  to  drum,  must  progressively 
advance  one  groove  for  each  complete  wrap  around  the 
drums.  It  has  been  reasoned  that  the  side  load  on  the 
rope  (under  load)  induced  by  the  rope  fleet  angle  (drum 
to  drum)  causes  the  rope  to  climb  out  of  the  groove, 
assuming  the  groove  to  be  semicircular  as  displayed  in 
Figure  110.  This  induces  more  load  into  the  rope  between 
drums.  To  reduce  this  tendency  of  the  rope  to  climb  out 
of  the  groove,  the  groove  form  recommended  and  shown  in 
the  preliminary  design  (Figure  111)  has  a  flat  tread. 
Since  no  qualitative  data  exists  to  substantiate  this, 
the  design  of  the  treads  shown  (Figure  97)  allows  tread 
replacement  by  treads  having  a  different  form  without 
necessitating  redesign  of  the  drive  drums.  This  feature 
also  has  the  advantage  of  allowing  replacement  of  the 
treads  (due  to  wear)  during  the  service  life  of  the 
winch  without  the  necessity  of  replacing  the  drums. 


217 


Figure  108.  Semicircular  Rope  Groove. 


Figure  109.  Recommended  Rope  Groove. 
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3.  Stow  Dru»  Ciocltv 


The  wire  rope  storage  drum  has  been  designed  for  a 
lift  height  of  150  feet.  If,  during  subsequent  evalua¬ 
tion  of  the  hoist  system,  a  greater  lift  height  is 
required,  the  storage  drum  assembly  could  be  increased 
in  width  to  accommodate  up  to  300  feet  of  rope.  This 
modification  can  be  accomplished  without  any  winch 
redesign  other  than  that  of  the  storage  drum  assembly. 
This  feature  will  be  of  great  value  if  the  winch  is 
used  as  a  single-point  lift  system,  that  is,  as  a 
reeved  rope  system  with  a  lift  capacity  of  50,000 
pounds  (see  Figure  110).  The  use  of  the  basic 
(25,000-pound)  winch  in  a  single-reeved  system,  while 
doubling  the  capacity,  reduces  the  lift  height  to  75 
feet  at  half  the  original  lift  rate  (i.e.,  30  instead 
of  60  feet  per  minute) .  The  replacement  of  the  storage 
drum  assembly  with  one  having  a  300-foot  rope  capacity 
will  restore  the  original  150-foot  lift  height.  Con¬ 
versely,  a  requirement  for  a  lower  lift  height  could 
be  achieved  by  reducing  the  amount  of  rope  on  the 
existing  drum. 

4.  Cargo  Hook  Release  Unit 

The  cargo  hook  release  unit  (refer  to  Figure  116),  con¬ 
sisting  of  three  separate  functional  units,  namely, 
torque  motor,  mechanical  emergency  release  unit  and 
inertia  device,  has  been  designed  using  established 
design  principles.  However,  the  integration  of  the 
three  unit  functions  must  be  rigidly  coordinated. 

Since  the  emergency  release  and  inertia  device  func¬ 
tional  criteria  can  be  achieved  in  more  than  one  way 
(for  example,  the  emergency  device  could  be  operated 
by  a  spring  motor  or  a  cartridge  generator  device,  and 
the  inertia  device  could  be  a  flywheel  or  centrifugal 
type) ,  the  precise  combination  required  to  achieve 
optimum  integration  of  the  three  functions  could  justify 
an  independent  development  program  for  this  unit. 

Specific  Design  Objectives 

The  design  conforms  to  the  following  specific  design  objectives, 

in  addition  to  the  standard  design  requirements  for  aircraft- 

quality  equipment: 
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Figure  no.  Single-Point  Hoist  System, 


1.  Powir  lean  ir  ament  a 

Power  input  shall  be  by  means  of  a  hydraulic  fixed  dis¬ 
placement  motor  working  with  a  3000-psi  hydraulic 
system  and  with  rpm  not  to  exceed  2500.  Power  developed 
shall  be  sufficient  to  obtain  hoisting  of  a  25# 000- 
pound  load  at  a  rate  of  60  feet  per  minute. 

2.  Control  R«gulr.m.nti 

Only  on.  control  .lament,  e.g., an  al.ctrohydraullc 
servo  valve#  shall  be  used  for  motor  speed  control 
(drum  speed  control)#  both  in  hoisting  and  in  lowering# 
to  facilitate  winch  synchronisation  in  the  two-point 
hoist  system.  In  particular#  no  additional  rate  of 
load  descent  control#  such  as  a  separate  brake  control# 
shall  be  required. 

3.  Brake  Torque  Capacity 

The  brake  torque  capacity  shall  be  such  as  to  permit 
holding  a  25# 000-pound  load  under  the  following  condi¬ 
tions  s 

a.  2.0g  load  factor  in  vertical  direction. 

b.  No  power  input  to  drum  drive. 

Reference  the  paragraph  on  "Drum  Drive  and  Brake 
Mechanism  Calculations"  on  page  222. 

4.  Energy  Abacrotlon  and  Dliiloation  Capacity 

The  winch  drive  and  brake  system  shall  be  of  such 
self-contained  energy  absorption  capacity  as  to  be 
able  to  absorb  heat  energy  generated  on  lowering  the 
load  of  25 #000  pounds  from  a  150-foot  height#  at  a  rate 
of  60  feet  per  minute.  The  capability  of  the  system 
to  dissipate  the  energy  shall  be  such  as  to  permit 
the  repetition  of  the  work  cycle  after  one  half-hour 
interval.  No  reliance  shall  be  made  on  dynamic  or 
regenerating  braking  using  aircraft  hydraulic  or 
electric  system#  in  order  to  have  the  self-contained 
energy  absorption  capability  of  the  drive  and  brake 
system  not  dependent  on  any  particular  aircraft  instal¬ 
lation.  Reference  "Energy  Absorption  and  Dissipation 
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Capacity  of  winch  Driva  and  Brake  System  Calculation" 
on  paga  227. 

5.  Mechanism  Houaina 

Tha  antira  mechanism,  axcapt  for  tha  hydraulic  motor, 
•hall  ba  anclosed  in  a  taalad  housing  and  submerged 
in  an  oil  bath. 

6.  Dalian  Critaria 

The  critaria  used  in  tha  winch  ay  stem  design  shall 
ba  in  accordance  with  procurement  specification 
D8-0692. (Sea  paga  376J 


DESIGN  CALCULATIONS 

Drum  Driva  and  Brake  Mechanism  Calculations 
Given t 


Load:  25,000  lb 

Hoisting  Rate:  1  ft  per  sec 

(60  ft  per  min) 

The  required  net  power  is: 

25iPPQ.  *  l  «  45.5  hp 
550 


Selected  winch  drum  effective  diameter:  19  inches 

Required  drum  speed  to  obtain  given  hoisting  rate  iss 
19 

it  x  —  x  N  >60  feet  per  minute 
12 

N  *  6.9  X  l?  ■  12.05  rpm 
it  x  19 


* 


* 
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Selected  gearing  ratioat 
Initial  (Bevel)  Oeare 

Intermediate  (Spur)  Gear a 

Planetary  i 
Fir at  Stages 

Second  Stages 

Third  Stages 

Total  Planetary  Ratios 

Total  Drive  Mechaniam  Reduction 

Required  Hydraulic  Motor  Speed: 
Required  Hydraulic  Motor  Torque 


JL _ 

74.2 

Ratios  ■  -lihiiL,  ■  ,.,■■■■■ .  .  k  -L- 

2.2  x  1  x  74.2  163 

12.05  x  163  -  1970  rpm 

*1560  lb/in . 

163  x  .935 


Where:  .935  Drive  Mechaniam  Overall  Efficiency  Coefficient: 

(.99  x  .99  x  .985  x  .985  x  .985  *  .935,) 

.99  *  one  pair  of  gears  efficiency  factor 

*  .985  =  one  stage  planetary  gearing  efficiency  factor 

9.5  *  load  moment  arm,  inches 

t  Select  hydraulic  motor  having  the  following  characteristics: 

Displacement  (theoretical)!  cubic  inch/rev  3.671 

Theoretical  torque  at  3000  psi  operation  1752.5 

pressurej lb/in. 
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NixImum  operating  pressure  for  continuous 

duty,  psi  3000 

Maxinun  spaad  recosnended  for  continuous 

duty, rpn  2080 

Volunatric  afficisncy  at  naxinun  operating 

spaad  and  pressure,  pet  96 

<  '  ’  ‘ 

Example  of  available  motor  t 

Vickers  Incorporated  MF81-3921-30YJ  Motor  Fixed  Displace¬ 
ment. 

Hydraulic  motor  theoretical  powers 

hp  «  JLJiJL 
63,025 

hp  -  izm  -  58.0 

63,025 

Assume  power  coefficient  ■  .868 
(.96  x  .905  -  .868) 

Where  .96  is  volumetric  efficiency  factor  and 

•  905  is  assumed  mechanical  efficiency  factor 
Estimated  available  hydraulic  motor  powers 
58  x  .868  -  50.3  hp 
Estimated  required  powers 

-  48.7  hp 

.935 

.935  ■  drive  mechanism  efficiency  coefficient 

*  1  .  a  #  t  ,  :  ’ 

50.3  -  48.7  -  1.6  hp 
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Thi«  is  power  available  to  cover  other  lout*  such  as  cable  * 
bonding  on  drums.  It  amounts  tot 

jfjfcr  x  100  ■  3.5%  of  nst  lifting  power  rsquirsd 
45  s  5 

,  / 

,  t  I 

Hydraulic  motor  flow  rsquirsd t 

Q  -  jjLjSU  -  3«SZ1  jLiflflfl  »  34.4  0PM 

231  x  .96  231  x  .96 


input  Clutch  and  Braks  Calculations 

Hydraulic  motor  torqus  is  transmitted  to  ths  drum  drive  shaft 
through  the  input  clutch  and  brake.  The  input  clutch  comprises 
four  rotor  discs  keyed  to  the  drive  shaft  hut  and  four  inter- 
meshing  discs  keyed  to  the  clutch  housing, which,  in  turn,  pro¬ 
vides  torque  input  (via  input  bolts)  to  the  drive  shaft  and 
simultaneously  provides  an  axial  force  to  load  the  brake 
assembly.  ' 

The  disc  contact  surface  lining  hast  8.00  in.OD  and 

6.60  in.  ID 

There  are  seven  working  contact  surfaces. 

Clutch  effective  mean  radius  1st 

Rm  *  i  (OD  +  ID  -  P&.  K  M) 

3  OD  +  ID 

•  .  .  ..  •  < 

-  1  (8.00  +  6.80  -  X  E.fiQ)  .  3.71  in. 

3  8.00  4  6.80 

Load  torque  on  drive  shaft  1st  , 

-  3,200  lb/in, | 

speed  ist 


_  B  25.000  x  9.5 
74.2 

and  the  maximum  input 


M 

2.2 


945  rptn 
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MM 


Required  exiel  force  on  clutch  to  trenamit  the  above  torque 

ies 


F  ■  — .  I 

f  x  RM  X  7 


3,200 

.08  x  3.71  x  7 


1,545  lb 


f  ■  .08  ia  the  friction  coefficient  for  clutch  dieca  aubaierged 
in  oil. 

There  are  7  friction  aurfacea. 

Motet  Although  the  input  torque  ia  tranamitted  to  the 
drive  aha ft  through  the  input  clutch  only,  and 
not  jointly  through  clutch  and  brake,  thia  ia 
ao  only  ao  far  aa  the  rotary  motion  and  torque 
are  concerned.  In  the  axial  direction, the  func- 
tiona  of  clutch  and  brake  are  intermingled  auch 
that  the  clutch  cannot  be  axially  loaded  (to 
develop  the  torque)  before  the  brake  ia  loaded, 
and  thus  the  axial  reacting  force  ia  created  to 
aqueeze  the  clutch  diaca. 

The  brake  assembly  comprises  five  discs  keyed  to  the  drive 
shaft  and  five  intermeshing  discs  keyed  to  the  brake  housing. 
The  disc  lining  has* 

9.31  in.OD  and  7.91  in.  ID 

There  are  10  working  surfaces. 

The  effective  mean  radius  iss 

rm  =  1  (g  3i  +  7  9i  _  21  liii) 

=  4.32  in. 

The  brake  axial  load  required  to  develop  braking  torque 
sufficient  to  balance  (via  gearbox)  the  load  torque  applied  to 
the  winch  drum,  under  steady  load  conditions,  iss 

N  =  _ 1 _ Sbt3W _ 

f  x  RM  x  10  .08  x  4.32  x  10 

*  930  lb 


4 
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Where  f  -0.08  is  i  the  disc  friction  coefficient  for  discs  in 
oil,  and  10  is  the  number  of  friction  surfaces. 

Due  to  the  incorporation  of  the  self-energizing  balls  and  wedge- 
shaped  grooves  into  the  brake  design,  the  actual  required  input 
force  to  load  the  brakes,  such  as  to  react  3,200  pounds  in 
torque,  can  be  less  than  930  pounds. 

If  the  effective  ball  ramp  angle  a  ■  17*,  (tana  *  .3),  then 
the  required  input  force  to  generate  3,200  pounds  in  brake 
torque  ist 

T  (tan*'  -  f) 

p  - - - - —  ■ 

f  x  R  x  10  x  tan#r 


=  (.3  -  ,9M 

•0b  x  4.32  x  10  x  .3 


680  lb 


However,  it  is  considered  here  that  the  brake  torque  capacity 
should  be  more  than  the  3,200  pounds  in  torque  (required  under 
steady  load  condition)  and  should  be  capable  of  reacting 
temporary  load  torque  increases,  such  as  in  the  2g  vertical 
load  condition. 

The  corresponding  numerical  values  aret 
N'  =  2N  *  1,860  lb  and 
f'  =  2F  =  1,360  lb 

It  is  also  considered  that  the  input  clutch  energizing  force 
should  not  be  less  than  the  value  of  P'  *  1,360  pounds. 

Its  present  design  value  is  1,545  pounds. 

Energy  Absorption  and  Dissipation  Capacity  of  Winch  Drive  and 
Brake  System  Calculations 

The  25,000-pound  load, when  lifted  to  a  height  of  150  feet, has 
a  potential  energy  of: 

25,000  x  150  *  3,750,000  ft-lb 

On  lowering  the  weight,  this  energy  will  be  absorbed  by  the 
brake  and  transformed  into  heat  energy. 
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To  lower  the  load,  it  is  nacaasary  to  hava  an  input  rotary 
motion  from  tha  hydraulic  motor.  Tha  work  producad  by  tha 
motor  will  alao  ba  abaorbad  by  tha  braka. 

Assume  that  tha  motor  input  work  to  lowar  tha  load  amounts  to 
10%  of  tha  work  required  to  lift  tha  load;  than  total  anafgy 
to  ba  abaorbad  iat 

3,750,000  +  375,000  -  4,125,000  ft-lb 
Tha  corraaponding  haat  anargy  is: 


H  -  lilMsPPfl  -  5,310  BTU- 
778 

Tha  abova  haat  anargy  ia  ganaratad  on  braka  discs;  however,  as  tha 
antira  system  ia  submerged  in  oil,  it  will  also  ba  transferred 
to  tha  drive  mechanism,  drive  housing,  drum  gearbox,  drum 
itself,  drum  base  plates,  and  winch  beam  assemblies. 


In  total, tha  haat  will  flow  to  tha  following  three  groups  of 
masses: 


Steel  Components:  348  lb,  Specific  heat  CST  »  .112 

Light  Alloy  Components:  304  lbf  Specific  heat  C^  *  .230 

83  lb,  Specific  heat  C0  *  .40 

Assuming  uniform  temperature  of  the  entire  system,  the  tempera¬ 
ture  increase  following  the  release  of  the  heat  energy  into 
the  system  is  calculated  from  the  equation:  * 

*2  tx  Msi^st  +  MLACLA  +  %c0 

_ itm _ 

348  x  .112  +  304  x  .230  +  83  x  .40 
=  37. 3°P 


Assuming  now  that  the  oil  temperature  safe  limit  is  240°F  and 
that  the  work  cycles  follow  each  other  without  interval  (no 
time  for  heat  dissipation),  then  the  number  of  cycles  possible, 
prior  to  reaching  the  temperature  limit, is  for  different 
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initial  temperatures  as 

follows  1 

-  -I 

.  i  ■  ,  * 

,.  •  •  4 

m  «i 

Initial  Temp. 

0 

75 

110 

160 

Humber  of  Cycles 

6 

4 

3  . 

2 

Final  Temp.  *F 

223 

224 

222 
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The  data  1  la  tad  above  corraapond  to  tha  conditions  whara 
tha  maximum  load  of  25,000  pound*  vaa  Uftad  to  tha  maximum 
hoi*ting  height  of  150  feat.  However,  it  has  to  be  noted 
that  tha  moat  frequently  uaad  hoiating  height  will  not  be 
150  feat,  but  rather  of  tha  order  of  6Q  feat.  The  potential 
energy  would  than  bat 

25,000  x  60  -  1,500,000  ft -lb 

and  tha  total  energy  re laaeed  in  brakess 

1,500,000  +  150 . J00  -  1,650,000  f t  -  lb 

Whara  150,000  ia  tha  energy  contributed  by  tha  hydraulic  motor 
{10%  assumed},  tha  correaponding  heat  energy  ia* 

*  2,120  BTU. 


and  the  ayetem  temperature  increaae  per  one  work  cycle  ia* 

37.3  x  hliH  .  14.9,  say ,15*P 

The  number  of  poaeible  work  cycle*  prior  to  reaching  the  limit 
temperature  is  now  in  accordance  with  the  data  below* 


Initial  Temp.  ’F 

0 

75 

110 

160 

Number  of  Cycles 

16 

11 

8 

5 

Final  Tempt  *F 

240 

240 

230 
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Heat  Di«*ipation 

The  heat  dieaipation  study  which  follow*  should  be  treated 
only  a*  approximate,  due  to  simplified  assumptions  made  in  it. 
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ehtwwt. 


HMt  PliilMtad  Throu-.h  Kadlation 

Qr  ■  .174  AJC  -  (•jjJ)  }  KTO  par  hour 

Where i 

A  ■  Surface  of  emissivity,  §q  ft  * 

E  *  Emissivity  factor  (assumed  ■  .67) 

T2  -  Absolute  temperature  at  the  emissive  surface 

-  Absolute  temperature  of  the  surrounding  objepts  a 

Assuming  the  temperature  of  the  surrounding  objects  to  be 
75*F,  so  that* 

Tx  -  75  4  460  -  535*  Abs., 

md  the  system  temperature  to  be  240*  F,  so  that, 

T2  -  240  4  460  -  700*  Abs. 

and  having  A  *  35.1  sq  ft, 

Qr  -  .174  x  35.1  x  .67  [  <$&)4  -  (f^)4  ] 

-  6,480  BTU  par  hour 

Haat  Dla.loatad  Through  Convactlon 

1  33 

Qc  -  .22  (t2  -  tx)  A  BTU  per  hour 

Assuming  temperature  conditions  as  above,  so  that 
t ^  ■  75*F  and 

t2  -  240*F 

and  having  A  ■  35.1  sq  ft  l 

Qc  -  .22  x  1651,33  x  35.1  -  6,850  BTU  per  hour 

Total  Heat  Dissipation  , 

Q t  -Qr  4QC  -  6,480  4  6,850 

-  13,330  BTU  per  hour 
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In  the  same  way, the  rata  of  haat  diaaipation  can  ba  cal- 
culatad  for  tha  condition  whara  tha  syatam  temperature  ia 
t>2  ■  240  -  37.3  ■  202.7,  sayl203*F,  and  tha  tamparatura  of 
tha  surrounding  objacta  ia  t^  ■  75  *F,  as  bafora.  37.3*F 
ia  tha  tamparatura  incraaaa  par  ona  work  cycla  for  maximum 
hoiat  haight  of  150  faat. 

Qt  ■  Qr  +  QC  "  4,590  +  4,890 

■  9,480  BTU  par  hour 

Qav  -  13f300  ±  9i480  .  n,405  BTU  par  hour 

is  tha  avarage  rata  of  haat  dissipation  for  tha  tamparatura 
ranga  of  240#F  to  203»F. 

The  time  required  to  cool  the  system  from  240°F  to 

203 °F,  so  that  another  work  cycla  could  be  performed,  iss 

«  .467  hr  (or  28  minutes) 

11,405 

At  75  °F  system  initial  temperature  and  also  surrounding 
objects  temperature,  the  winch  system  is  capable  of  per¬ 
forming  four  consecutive  work  cycles,  with  150  faat  as 
hoisting  haight,  and  with  no  intervals  for  cooling  off. 

A  period  of  the  order  of  a  half-hour  would  be  required  to 
cool  the  system  sufficiently  to  perform  each  additional 
cycle. 

Similarly,  eleven  reduced-height  (60  feet)  work  cycles  are 
possible  without  cooling-off  intervals;  then  an  interval  of 
the  order  of  10  minutes  would  ba  required  prior  to  each 
additional  60- foot-height  cycle. 

If  the  system  is  to  be  able  to  perform  an  unlimited  number 
of  work  cycles  to  150  feet  hoisting  height  without  cooling- 
off  intervals,  then  the  rate  of  heat  removal  from  the 
systsm  should  be  such  as  to  be  not  less  than  the  rate  of 
heat  generation  on  lowering  the  load. 

Considering  that  the  time  required  to  lower  the  load  from 
a  height  of  150  feat  at  the  rate  of  60  feet  per  minute  is 
2.5  minutes,  the  rate  of  heat  generation  is: 

-  2,125  BTU  per  min 
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One  way  to  obtain  tho  required  system  cooling  rat*  is 
to  recirculate  tha  system  oil  through  a  hast  ascchangar 
(e.g.,  fan  coo lad) . 

•  .  r  .  V 

Assuming  a  100*F  oil  tamparatura  drop  in  tha  oil  cooler, 
tha  raquirad  rata  of  oil  flow  is  calculatsd  as  follows  t 

op 

MCq  (t2  -  t±)  ■  2,125  BTU  par  min  , 

whara  N  is  mass  flow  in  lb  par  min  and  C0  is  tha 

spacific  hast  of  oil.  ^ 

M  ■  ■  53,2  lb  par  min 

.4  x  100 


This  is  aquivalant  to  tha  volumatric  flow  ofi 
Q  -  .  7.1  OPM 


staiiai  aaa  slip  glatgli  fiiigaliliopi 

The  clutch  contains  two  rotors  and  thus  four  working  surfaces 
of  the  following  dimensions: 


7.875  in,0Dand 
3.375  in.ID 

Effective  Mean  Radius: 


[OD  +  ID  - 


OP  x  ID 
OD  +  ID  J 


■  1  (7.875  +  3.375  -  7.875  x  3.375. 

3  f.m  +  V.bv 


2.96  in . 


r- 


i 
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Twelve  pairs  of  concentric  springs  provide  the  disc  loading 
force. 

Outer  Springs 

D  ■  .812  in.  mean  dia 
d  ■  .112  in.  wire  dia 
Inner  Springs 

D  ■  .512  in,  mean  dia 
d  ■  .112  in.  wire  dia 
Outer  Spring  Force 

p  -  mi 

8D 

p  s  JUjUfiiflSS  1  (til??3  E  74  5  lb 

8  x  .812 

Inner  Spring  Forces 

p  s  n.a,  USLm.  *  LJdili  m  119  lb 

8  x  .512 

Spring  Pair  Force  *  74.5  +  119  ■  193.5  lb 

The  clutch  is  subjected  to  an  adjustable  load  of  a  value  up  to: 

12  x  193.5  *  2,310  lb 
Clutch  Torque  Available s 
T-NxfxRMx4 

f  *  .25  (Friction  Coefficient) 

T  =  2,310  x  .25  x  2.96  x  4 
*  6837  lb -in. 
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Pull  on  rope  in  inner  layer  of  radiue  ■  9.5  in. 

P  -  ffij  .  720  lb 
9.5 


For  outer  layer  of  radius, 14.5  in., 


P 


6811: 

14.5 


472  lb 


♦ 


TABLE  X 

ENERGY  ABSORBED  BY  CLUTCH  IN  ONE  WORK  CYC] 

[,E 

;  Rope 
Layer 

Layer 

Circum- 

Length 
of  Rope 

Rope 

Rope  Travel 
Corresponding 

Work 

Radius , 

ference. 

in  Layer, 

Load) 

to  Clutch  Slip, 

Increment, 

In. 

In. 

In. 

Lb 

In. 

’  Ft-Lb 

9.5 

59.6 

298 

720 

0 

0 

10.5 

65.9 

330 

652 

32 

1755 

’  11.5 

72.1 

361 

595 

63 

3130 

12.5 

78.1 

392 

548 

94 

4260 

13.5 

84.9 

424 

506 

126 

5320 

14.5 

91.2 

456 

472 

158 

6200 

Sinn  of  the  work  increments  is  20,665  ft  -  lb,  and  this  repre 
sents  the  work  produced  on  either  load  lifting  or  lowering. 

Work  for  one  work  cycle  is  2  x  20,665  =  41,330  ft-lb 
=  53.0  BTU 

778 

Disc  mass  is  3.40  lbv 

Specific  Heats  CgT  *  .112 
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Temperature  rise  in  disci  per  one  work  cycle  is: 


ti  -  t2 


JL 


MC 


ST 


3.40  x  .112 


139*P 


TWENTY -TON  HOIST  SYSTEM  -  CONTROL  DESCRIPTION  (ELECTRICAL) 
(Refer  to  Figure  111) 


General 


The  basic  control  voltage  of  the  20-ton  hoist  system 
is  28  VDC  nominal  from  the  DC  primary  bus.  The  release  unit 
torque  motor  is  operated  on  a  400-cps,  3-phase ,  115/200-VAC 
voltage,  from  a  No.  1  primary  AC  bus.  The  control  schematic 
indicates  that  the  pilot  and/or  crane  operator  has  complete 
control  of  the  hoist  system,  as  well  as  provision  for  an 
external  "plug-in"  source  to  enable  hoist  system  control  from 
outside  the  aircraft  when  the  aircraft  is  on  the  ground.  It  is 
pointed  out  that  giving  the  pilot  full  control  of  the  hoist 
system  could  create  problems  when  hoisting  loads  from  high 
hover,  since  monitoring  by  ground  crew  will  be  ineffective. 

Such  operations  dictate  that  synchronization  of  the  winches 
be  mandatory,  with  effective  limit  stops  to  automatically 
stop  the  hoist  system  at  a  predetermined  distance  under  the 
aircraft. 

Circuit  functions  are  described  in  Table  XI ;f unctions  and  control 
nomenclature  and  location  are  included. 


Other  associated  auxiliary  functions  are  shown  in  the  illustra¬ 
tions  listed  below: 

Figure  112  shows  the  strain  gauge  bridge  and  servo 
indicator-type  of  rope  tension  indicator  system. 

Figure  113  shows  the  voltage-regulated,  multi-turn 
type  of  a  rope  footage  indicator. 

Figure  114  shows  the  hook  arming  and  release  function 
for  pilot  and  loadmaster. 

Figure  115  illustrates  the  rope  cutter  system. 
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Figure  111*  Electrical  Circuits,  20-Ton  Hoist  System. 
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Pigure  115.  Rope  Cutter  System ,  20-Ton  Hoist 


LOAD  RELEASE  SYSTEM 


The  two  cargo  hooka  are  connected  to  a  common  lever  system  at 
the  center  of  the  beam.  Zn  turn,  this  system  is  coupled  to  an 
electromechanical  actuator.  Initiation  of  the  actuator  by  an 
electrical  signal  from  the  pilot  or  the  crane  operator  results 
in  a  tensile  force  on  the  linkages  to  the  cargo  hooks.  Since 
these  are  connected  to  a  common  lever,  simultaneous  release  of 
the  hooks  is  assured.  The  actuator  automatically  returns  to 
its  original  position  after  releasing  the  cargo  hooks.  (Refer 
to  Figure  116.) 

In  the  event  of  electrical  failure,  provision  is  made  for  the 
manual  operation  of  the  release  linkage  and  the  subsequent 
simultaneous  release  of  the  cargo  hooka. 

Since  the  beam  assembly  rises  and  falls  with  the  hoist  system, 
provision  must  be  made  to  interconnect  the  beam  assembly  and 
the  prime  mover  both  electrically  and  mechanically.  This  is 
accomplished  by  an  electromechanical  rope  ,  which  consists  of 
a  center  core  of  stainless-steel  flexible  rope  surrounded  by 
electrical  conductors.  The  resulting  assembly  is  covered 
by  a  protective  sheath.  To  facilitate  automatic  reel  -in/out 
of  the  rope  as  the  beam  moves,  the  rope  Ts  stored  on  a  drum 
which  is  driven  by  an  electrical  torque  motor,  the  torque 
motor  being  activated  automatically  while  the  hoist  system  is 
being  operated.  To  prevent  the  self-unreeling  of  the  rope 
due  to  its  own  weight  when  the  torque  motor  is  deactivated,  a 
brake  is  incorporated  in  the  torque  motor.  Electrical  con¬ 
tinuity  is  achieved  via  a  slip  ring  assembly  in  the  drum 
system.  This  electrical  system  satisfies  the  normal  release 
mode  of  the  system.  Emergency  mode,  i.e.,  manual  release  of 
load  by  pilot  and/or  crane  operator,  is  accomplished  by  a  pi lot - 
and/or  crane  operator-initiated  mechanical  motor  mounted  in 
parallel  with  the  drum  torque  motor.  In  principle, the  emergency 
release  motor,  upon  initiation, first  positively  engages  the 
drum  and  then  induces  rotation  which  results  in  a  tensile  pull 
in  the  electromechanical  rope  .  This  pull  is  sufficient  to 
overcome  a  safety  device  in  the  beam  assembly,  permitting 
simultaneous  release  of  the  cargo  hooks.  After  use,  the  emer¬ 
gency  system  motor  must  be  re-energized.  The  motor  has  the 
capability  to  overcome  the  torque  motor  brake  in  the  event 
that  the  emergency  release  is  used  with  the  hoist  power  off. 

In  order  to  accomplish  automatic  release  of  the  load  in  the 
event  of  a  suspension  rope  failure,  the  release  assembly  is 
fitted  with  an  inertia  lock-out  device.  A  suspension  rope 
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break  will  cauae  ona  and  of  tha  beam  to  fall,  which  in  falling 
would  craata  a  real-out  accalaration  in  tha  electromachanical 
ropa*  The  inertia  device,  reaponding  to  thia  accalaration, 
will  lock  out  tha  drum  and  tha  raaulting  tension  fait  by  tha 
rope  will  operate  tha  emergency  release  system,  which  results 
in  the  load  being  automatically  dropped. 

An  additional  flight  safety  emergency  mode  Is  provided  by  dual 
cartridge-type  wire  rope  cutters  installed  on  both  winches  at 
the  rope  exit  bellmouth.  The  cutters  will  be  so  designed  that, 
having  cut  the  wire  ropes,  the  free  ends  will  be  retained, elimi¬ 
nating  wild  ropes. 

Criteria  used  in  the  design  of  the  beam  assembly  and  release 
unit  shall  be  in  accordance  with  Procurement  Specification 
D8-0691. 


9QD  To  HOpK 


S.Mttf  m gg 


l*C44  a*u. 


■*A  ^  <>$  it\ 

w  vzkA  $ 

— i  „  —  ^  i  -•  \ 

|  •  O  s'  ._  -''@j  •  ' 


a  o  i 


SK  J  7544 


I 


Figure  117,  Release  Unit,  20-Toi 
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Emergency  Release  Syitem  Initallation  in  Helicopter 

The  installation  of  the  hook  manual  release  (emergency) 
system  in  the  helicopter,  regardless  of  whether  or  not  the 
helicopter  configuration  be  a  transport,  crane-transport, or 
pure  crane-type, creates  no  new  installation  problems  since 
the  system  will  be  similar  to  those  presently  installed  in 
military  aircraft  (e.g.,  CH-46)  .  Essentially,  this  type  of 
system  consists  of  a  mechanical  push-pull  element  from  the 
hook  emergency  release  system  to  a  "pull  to  operate"  tee- 
handle  mounted  on  the  cockpit  floor. In  Navy  heli¬ 
copters  (CH-46),  both  pilot  and  copilot  are  provided  with 
individual  tee-handles,  whereas,  on  the  Army  CH-47  helicopter 
the  emergency  release  is  the  responsibility  of  the  crew  chief 
at  the  hook  station,  the  pilots  having  no  control  over  this 
function  except  by  voice  contact  with  the  crew  chief. 

It  is  of  interest  to  note  that  the  foregoing  illustrates  the 
different  philosophies  regarding  the  operation  of  cargo 
emergency  release  systems  on  helicopters.  On  the  one  hand,  it 
is  assumed  that  the  pilot  requires  both  hands  to  fly  the 
helicopter  during  an  emergency,  and  removal  of  one  hand  from 
the  controls  to  operate  the  emergency  hook  release  system  is 
considered  (during  a  flight  emergency)  to  be  a  hazardous 
procedure.  On  the  other  hand,  providing  independent  emergency 
release  to  both  pilot  and  copilot  provides  two  more  hands  in 
the  cockpit  for  emergency  release  operation.  This  relies 
upon  voice  contact  between  pilots  to  effect  coordination,  the 
same  as  voice  contact  between  pilot  and  crew  chief. 

The  introduction  of  a  crane  operator  creates  additional 
emergency  criteria  which  are  at  present  not  defined.  The 
crane  operator  on  the  CH-54A  helicopter  has  limited  flight 
control  authority,  which  means  that  both  hands  are  occupied  for 
flight  control.  The  hoist  system  control  functions  (electrical) 
are  integrated  into  the  two  control  grips,  there  being  no 
emergency  (manual)  hook  release  system  on  this  aircraft. 
Introduction  of  a  manual  hook  release  system  will  create  the 
same  hazardous  condition  as  described  in  the  preceding 
paragraph.  It  can  then  be  reasoned  that  the  emergency  (manual) 
cargo  release  system  should  be  installed  in  the  pilot's  cock¬ 
pit  with  provision  for  both  pilot  and  copilot  operation.  It 
is  not,  however,  implied  that  this  arrangement  be  specific, 
since  any  future  helicopter  proposals  having  a  crane  operator 
station  will  be  subject  to  a  human  factors  appraisal 
of  cockpit  layouts  and  arrangements  to  ensure  the  optimum 
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integration  of  all  system  (flight  &  hoist)  functions  encom¬ 
passing  all  modes  of  operation.  Additionally,  the  percentage 
of  flight  control  authority  given  to  the  crane  operator  and 
its  integration  into  the  primary  flight  control  system  must 
be  established.  Experience  gained  on  the  CH-54A  helicopter 
to  date  is  small  and  inconclusive,  and  opinion  ranges  from 
giving  the  crane  operator  no  authority  to  giving  him  full 
authority. 

Figure  118  shows  an  arrangement  of  a  manual  emergency  release 
system  into  a  crane-transport-configured  helicopter.  In  this 
instance  a  manual  release  is  led  to  both  pilot  and  crane  oper¬ 
ator  stations. 

SYSTEM  MONITORSHIP 

Included  in  Figure  118  is  the  approximate  location  of  the  hoist 
system  monitoring  instrumentation  and  its  relative  position 
in  an  assumed  configuration.  Although  various  elements  of 
system  monitorship  are  included  in  the  subsystem  component 
descriptions  in  this  report,  the  following  summary  groups 
them  together  for  reference. 


TABLE  XII 

SYSTEM  MONITORSHIP  j 

Monitor  Element 

Location 

Remarks 

Hook  Status 

Pilot/Copilot  plus 
Crane  operator 
stations.  GO  (green 
light)-NO  GO  indi¬ 
cators 

Each  hook  has  switching 
circuits  to  indicate 
hook  open  (RED) , 
hook  closed  (GREEN) 

Hook  Arming 

Pilot/Copilot  station 

Release  circuits  may 
be  placed  inoperative 
during  flight  to 
prevent  inadvertent 
release 

Suspension  Rope 
Load  Monitoring 

Pilot/Copilot  station 
plus  Crane  operator 
station 

Load  cells  mounted  in 
series  with  load 
isolators  on  winch 
mounts .  Readout  in 
1000-pound  increments 
per  rope 
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TABLE  XZI  Continued  ] 

Monitor  Element 

Location 

Remarks 

Rope  Length 
Monitoring 

Pilot/Copilot  station 
plus  Crane  operator 
station 

Potentiometer  on  each 
winch .  Readout  in 
feet  out  or  in  on  one 
instrument  (dual 
needle) 

Winch  System 

Hydraulic 

Pressure 

Pilot/Copilot  plus 
winch  hydraulic 
manifold 

Pressure  transducer 
installed  in  pressure 
side  of  winch  hydrau¬ 
lic  supply.  Readout 
in  P.S.I. 

Winch  Lubri¬ 
cating  Oil 
Temperature 

Pilot/Copilot 

Temperature  trans¬ 
ducer  in  gear  case  of 
each  winch.  Readout 
could  be  either  by 
instrument  showing 
temperature  or  by  red 
warning  light. 

Mode  Selection 
(i.e.,  Single- 
or  Two-Point 
Mode) 

Pilot/Copilot 

Selection  of  one  mode 
automatically  discon¬ 
nects  the  remaining 
mode . 

NOTE:  This  can  also 
be  accomplished  by 
having  the  single¬ 
point  mode  plug  on 
the  cargo  beam  auto¬ 
matically  de-energize 
the  two-point  elec¬ 
trical  release  system 
when  the  single-point 
mode  plug  is  inserted, 
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WINCH  DRIVE  HYDRAULIC  SYSTEM 
General 


The  following  hydraulic  system  description  and  schematic  are 
not  intended  to  be  specific  in  all  details  since  the  prime 
mover  into  which  the  hoist  system  will  be  installed  is  not 
defined.  However ,  the  hydraulic  system  shown  is  considered 
practical  and  of  simple  design  and  applicable  to  either  a 
synchronized  or  an  unsynchronized  control  funtion.  All  major 
hoist  system  control  elements  (hyraulic  and  complementary 
electrics)  are  shown  to  be  integrated  into  a  single  (one  per 
winch)  manifold  which  will  be  mounted  directly  to  its  winch 
and  form  an  integral  part  thereof.  This  feature  is  recommended 
since  the  entire  winch  package,  i.e.,  winch,  winch  mounts,  load 
isolator,  load  cell,  and  control  package,  can  now  be  easily  re¬ 
moved  as  a  complete  assembly  from  the  aircraft.  This  will 
allow  maximum  weight  strippage  from  the  aircraft  When  alter¬ 
nate  missions  are  required.  Additionally,  the  integration  of 
the  hydraulic  and  electrical  winch  control  elements  with  the 
winch  simplifies  the  ground  test  equipment  requirements,  since 
all  that  will  be  required  will  be  an  appropriate  hydraulic 
electric  power  source.  Further,  the  winch  plus  all  its  control 
elements  can  be  bench-tested  as  a  complete  package  before  in¬ 
stallation. 

Hydraulic  System  Description 

Hydraulic  power  to  operate  the  two-winch  hoist  system  is 
supplied  by  an  assembly  of  two  variable-displacement  pumps, 
each  of  50-hp  and  3000-psi  class.  Both  are  mounted  on  a  common 
gearbox,  which  provides  the  mechanical  power  input  to  the 
system. 

A  vented-type  fluid  tank  supplies  the  fluid  to  each  pump 
through  a  separate  suction  line  and  a  separate  filter.  Each 
pump  output  is  supplied  via  a  check  valve  to  a  common  output 
point  in  a  manifold,  from  which  it  branches  off  again  to  each 
of  the  two  hydraulic  motors,  one  on  each  winch.  Due  to  the 
above  common  output  point,  each  of  the  pumps  can  supply  fluid 
power  simultaneously  to  both  motors.  Thus,  in  case  of  one 
pump  malfunction,  the  other  pump  would  continue  to  power  the 
entire  system. 

The  hydraulic  motors  are  of  fixed-displacement  type  and  are 
mounted  on  drive  pads  provided  one  on  each  winch  drive 
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mechanism  housing  (see  Figures  119  and  120).  Each  motor  is  con¬ 
trolled  by  an  electrohydraulic  servo  valve  mounted  on 
an  adjacent  manifold  fixed  to  the  winch  beam  assembly.  The 
servo-valve  electronic  input  circuit  has  been  shown  in  Figure 
89. 


Each  motor  manifold  also  comprises  a  solenoid  operated  "On-Off" 
valve,  a  filter,  a  relief  valve  and  a  connection  via  a  snubber 
to  a  pressure  transmitter,  having  electrical  connections  to  two 
pressure  indicators:  one  on  the  manifold  and  the  other  on  the 
hoist  system  control  panel.  Each  motor  manifold  has  one  supply 
port  and  one  return  port.  Each  of  the  ports  is  connected  to  a 
fixed  portion  of  a  self-sealing  quick- disconnect  coupling,  the 
moving  portion  of  which  is  mounted  on  the  end  of  the  corre¬ 
sponding  (supply  or  return)  hydraulic  hose. 

Two  additional  self-sealing  quick-disconnect  couplings  are  used 
for  ground  test  purposes.  The  fixed  portions  of  the  couplings 
belong  to  the  winch  drive  hydraulic  system,  and  the  hose-mounted 
portions  remain  with  the  ground  test  pump  unit  (which  has  in¬ 
dependent  power  drive) .  When  the  ground  test  unit  is  connected 
to  the  winch  hydraulic  system  and  put  into  operation,  it  draws 
fluid  from  the  system  tank  via  a  common  input  point  to  which 
all  pump  suction  lines  are  interconnected.  Similarily,  the  test 
pressure  line  leads  to  a  common  output  point.  This  enables  the 
ground  test  pump  to  simultaneously  supply  fluid  power  to  both 
hydraulic  motors,  unless  any  one  of  the  solenoid  valves  was 
operated  to  shut  the  fluid  supply  off  and  thus  to  immobilize 
the  hydraulic  motor. 


SYSTEM  WEIGHT  SUMMARY 

The  following  weight  estimate  is  based  on  the  use  of  such 
standard  materials  as  steel,  aluminum  alloy  and  magnesium 
alloy.  Additionally,  only  standard  size  bearings  and  hardware 
are  used.  The  use  of  exotic  materials,  custom-made  parts  and 
more  complex  manufacturing  techniques  would  result  in  a  lower 
system  weight.  The  estimates  shown  in  Table  XIII  do  not  include 
the  prime  mover  hydraulic  system  or  the  structural  modifica¬ 
tions  required  to  accept  the  hoist  system.  It  does,  however, 
include  the  components  required  to  mount  the  winches  into  the 
prime  mover.  All  figures  shown  are  in  pounds. 
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Figure  119.  Winch  Drive  Hydraulic  System  Schematic  Diagram. 


©  FLUID  TANK  A88EMBLY 
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©  ELECTRO  HYDRAULIC  SERVO  VALVE 
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©  NINCH  DRIVE  MECHANISM 
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Figure  120.  Detail  of  Clutch  and  Brake  Encloaure  Winch 
2C-Ton  Hoist  System. 
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NOTE  THIS  DRAWING  SHALL  BE 
USED  N  CONJUCTION  WITH 
PROCUREMENT  SPECIFICATION  D6-OG92 


SECTION  A-A 


TABLE  XZZJ 

SYSTEM  WEIGHTS  (BREAKDOWN) 

!  Drive  Housing 

29,5 

Initial  Gearing 

3.0 

Reverse  Locking  Clutch 

3.0 

Spur  Gears 

5.5 

Clutch  Assembly 

23.0 

Drive  Shaft 

6.0 

Brake  Assembly 

49.5 

Spur  Gears  to  Backstop  Clutoh 

10.0  ; 

Backstop  Clutch  Assembly 

11.5  1 

Main  Gearing 

70.0 

All  Bearings 

87.5 

Drum  Base  Plate  Inner 

35.0 

Drum  Base  Plate  Outer 

20.0 

Drum  Outer  (Tread) 

49.5 

Drum  Inner 

32.5 

Drum  Gear 

24.5 

Bolts,  Nuts,  Spacers,  etc. 

15.0 

475 

Oil  (11  gals.) 

83 

Hydraulic  Motor 

33 

116 

Wire  Rope  (200  ft) 

342 

Total  933 

Drum  Outer  (Tread) 

49.5 

Drum  Inner 

14.78 

Sprocket 

1.69 

Drum  Mounting  Plates 

7.64 

Drive  Gear 

8.00 

Idler  Gear 

1.90  ; 

Bearings 

9.00 

Idler  Gear  Support 

.13 

Total  92.64 

:  >*  ♦  t  miTi  1 1 
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Main  Casting 
Baaringa 

Bearing  Housing 
Bellmouth 
Bolts,  Huts,  ate. 
Cable  Cutters 


4.80 
.72 
.56 

1.80 
1.00 
7.00 


Total 


15.88 


Drum  Flanges 

Drum 

Shaft 

Drive  Sprocket 

Bearings 

Clutch  Plates 

Clutch  Plate  Retainers 

Clutch  Plate  Support 

Level-Wind  Sprocket 

Rope  Tension  Clamp 

Bearing  Housings 

Clutch  Springs  &  Retainers 

Bolts,  Nuts,  etc. 

Drive  Chain 
One-way  drives 


6.26 

7.00 

3.65 

1.69 
3.25 

9.70 
1.90 

•  55 
1.35 
.15 
.65 
.75 
2.00 
3.00 
8.00 


Total 


49.90 


Support  Bracket  (2) 
Level- Wind  Cam  Shaft 
Sprocket 

Cam  Follower  Assembly 
Bearings 
Drive  Chain 
Bolts,  Nuts,'  etc. 


3.30 

2.33 

.78 

.90 

.72 

1.50 

.25 


Total 


9.78 


Drive  Gear 

Dirva  Shaft 

Baaringa 

Baaring  Houainga 

Roller  Pulleya 

Roller 

Bolt a#  Nut a,  ate. 

1.87  ! 

1.58  | 

.72 

2.52 

2.25 

2.00 

.75 

Total  11.69 

Main  Winch  Structural  Elamenta 

12.55 

62.38 

5.78 

3.14 

1.35 

Total  85.20 

End  Plataa 

Side  Beama 

Main  Winch  Support  Fitting 
Minor  Winch  Support  Fitting 
Bolta,  Nut a,  ate. 

13.20 

1.80 

2.50 

1.70 

7.70 

4.15 

.88 

2.00 

Total  33.93 

Main  Structure 

Main  Bearing  Retaining  Plataa 
vMain  Bearing  Houaing 

Oilite  Bearing  Surfacea 

Main  Bearing  &  Nut 

Strut a 

End  Fittinga 

Bolt 8 ,  Nuts,  etc. 

Winch  Support  (To  Aircraft) 

Main  Structure 

Bearing  Plus  Retaining  Nut 

5.65  ! 

3.00 

Total  8.65  1 
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Tumry  of  One  Winch,  Including  tM  TOi 
and  Wire  Hop# 

ktttdi  Lwieui,  Hater 

Main  Drive,  Drua  a  Braka  Assembly 

475 

Oil  (11  gala.) 

83 

Hydraulic  Motor 

33 

Wira  Ropa  (200  ft  ) 

342 

Secondary  Capstan  Drua 

92.64 

Ballnouth  Support  Housing  (Including  Ci 

litters)  15.88 

Ropa  Storaga  Drua 

4  9.90 

Ropa  Storaga  Drum  Laval  wind 

9.78 

Ropa  Reel-Out  Fullays  4  Ropa  Ratantion 

Roller  11.69 

Main  Winch  Structural  Elements 

85.20 

Total  1198.09 

BttlUa  Pnit  A«»«mblv 

Storage  Drum  Side  Platas 

4.80 

Storage  Drum 

1.52 

Storage  Drum  Side  Support 

.65 

Bearings  2  AW20AX 

.71 

Spacer  Tube 

.10 

Slip  Ring  Assembly 

1.50 

Slip  Ring  Assembly  Cover 

.50 

Center  Shaft 

1.52 

Main  Gear  Ring 

2.00 

Manual  Release  Unit  Details 

2.50 

Main  Support  Casting 

2.50 

Torque  Motor 

3.00 

Manual  Release  Motor 

3.00 

Inertia  Device 

2.50 

Protective  Casing 

2.00 

Fasteners,  etc. 

.50 

29.30 

Electromechanical  Cable  (160 

feet)  25.00 

Total  54.30 

Beam  And  Hook  Assembly 

Side  and  Top  Skins 

24.48 

Corner  Extrusions 

^ _ _ _ — _ _ _ 

22.83 
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Bulkheads 

2.69 

Levers  and  Pivots 

.25 

Cam  Support  Shaft 

.13 

Hook  Release  Rods 

1.70 

Bearings 

.18 

Rod  Ends 

.42 

'  Electrical  Connectors 

.25 

Electrical  Hiring 

, 

.30 

Hook  Assemblies 

\ 

\ 

\ 

100.00 

Cam  Wheel 

.50 

Cam  Follower 

.17 

Spring  Assenfely 

.33 

Support  Plate 

.85 

Support  Plate  Angles 

.12 

Wire  Rope  Termination  Fittings 

17.00 

Actuator 

10.00 

182.20 

Weight  Summary  of  One  Complete  Aircraft  System 

Two  Winches  Complete  (1198.09  x  2) 

2396.18 

Beam  Assembly 

182.20 

1  Release  Unit  (Complete  with  160' 

Cable) 

54.30 

Winch  Main  Support  (Two) 

67.86 

Winch  Supports  (Two) 

17.30 

Load  Isolator/Load  Cells 

80.00 

2797.84 

Single  Point  Mode  Hook  6  Ropes 

200.00 

2997,84 

SYSTEM  GROWTH  ANALYSIS 


Lift  Capability 

The  two-winch  i two-point  system  shown  in  this  report  has  been 
designed  with  two  suspension  lines, each  having  a  lift  capac¬ 
ity  of  25,000  pounds.  The  25,000  pounds  is  necessary  to 
allow  for  longitudinal  c  g  tolerances  in  the  load.  However, 
if  the  load  eg  is  in  the  center  of  the  beam  as  will  be  the 
case  when  a  single-point  lift  mode  is  made,  providing  a  verti¬ 
cal  lift  is  made  and  assuming  that  the  prime  mover  has  the 
lift  capability,  then  loads  up  to  50,000  pounds  may  be  made, 
i.e.,  10,000  pounds  over  the  design  hoist  system  load  of 
40,000  pounds.  However,  if  this  lift  is  undertaken,  the  for¬ 
ward  flight  of  the  prime  mover  will  be  restricted,  since  drag 


forces  on  the  load  cause  a  redistribution  of  load  in  the 
suspension  ropes. 

Single  "Point  Winch  Capability  (Reference  Pigure  110  ) 

i 

As  previously  mentioned, a  winch  designed  for  the  two-point 
system  may  be  used  as  a  single -point  winch  of  50,000  pounds 
capacity  by  reeving  the  wire  rope  into  a  two- rope, sing Is -point 
system.  This  will  require  the  introduction  of  a  ball  bearing 
swivel  between  the  hook  and  rope  pulley  as  shown  in  Figure  110. 
Provision  has  not  been  made  for  the  receipt  of  the  rope  "free" 
end  on  the  winch  structure.  The  winch  side  beams,  which  will 
pick  up  the  load  in  this  rope,  will  have  to  be  beefed  up  locally 
and  the  winch  support  bearing  size  increased  to  transfer  the 
additional  load  to  the  aircraft  structure.  Also,  since  one 
winch  will  now  pick  up  twice  the  lateral  and  longitudinal  loads 
due  to  load  swinging,  the  winch  supports  will  have  to  be 
strengthened. 

Two- Point  Increased  Capacity 

Similarly,  the  capacity  of  the  two-point  system,  if  the  winch 
ropes  are  reeved,  can  be  doubled  (i.e.,  80,000  pounds).  The 
changes  discussed  above  will  also  be  necessary  by  this 
modification.  This  increased  capacity  will  require  a  new  beam 
and  hook  system  havings 

1.  Hooks  of  50,000  pounds  capacity  each. 

2.  The  introduction  of  sheaves  on  the  beam  for  wire 
rope  guidance. 

3.  Modification  to  the  release  unit  to  compensate  for  the 
system  rate  change  (i.e.,  reeving  the  rope  will  halve 
the  original  rate  of  60  feet  per  minute  to  30)  • 

Notes  A  system  rate  of  30  feet  per  minute  for  lifting  a 
40- ton  load  is  considered  to  be  adequate. 

The  above  growth  without  major  redesign  means  that  a  hoist 
system  developed  and  qualified  to  the  criteria  specified 
in  this  report  can  be  used  on  future  heavy-lift  helicopters 
at  minimum  cost  to  a  future  heavy-lift  program;  i.e.,  loads 
of  40  tons  could  be  lifted  on  the  two-point  mode  and  50 
tons  on  the  single-point  mode. 
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System  Growth 


f 


$ 


Additional  growth  by  increasing  the  capability  of  the  winch 
within  the  same  winch  envelope  up  to  25%  is  considered 
feasible..  The  dynamic  components  would  have  to  be  uprated. 

The  major  element  would  be  the  wire  rope.  This  would  mean  the 
procurement  of  a  nonstandard  rope  of  approximately  1.1  inches 
diameter.  The  drum  diameter  to  rope  diameter  ratio,  assuming 
that  the  retention  of  the  existing  winch  envelope  is  maintained 
(16.36:1),  is  considered  acceptable.  (A  loss  in  winch  life 
would  result.)  The  rope  level-wind  drive  ratio  would  also 
have  to  be  changed  to  compensate  for  the  new  rope  diameter. 

Such  a  change  is  considered  feasible  but  is  not  recommended 
unless  instituted  as  a  limited-life  system. 


Sigyth  gmaagy 

The  following  summary  indicates  the  versatility  of  the  two- 
winch  system  design: 


1.  The  System  as  Designed 

Capacity  -  Two -Point  Mode 

-  Single -Point  Mode 

Rate 

Lift  Height  (both  modes) 


40,000  pounds 
50,000  pounds 
60  feet  per  min 
150  feet 


2.  The  System  as  Designed  but  with  Reeved  Ropes 


Capacity  -  Two- Point  Mode 

-  Single -Point  Mode 

Rate 

Lift  Height  (both  modes) 


80,000  pounds 
100,000  pounds 
30  feet  per  min 
75  feet 


3.  The  System  as  Designed  plus  2596  Increase 


Capacity  -  Two-Point  Mode 

-  Single-Point  Mode 

Rate 

Lift  Height  (both  modes) 


50,000  pounds 
62,500  pounds 
60  feet  per  min 
150  feet 


4.  The  System  as  Designed  plus  2596  Increase. 
but  with  Reeved  Ropes 

Capacity  -  Two-Point  Mode 

-  Single- Point  Mode 
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100,000  pounds 
125,000  pounds 


Rats 

Lift  Haight  (both  modas) 


30  fast  par  min 
75  fast 


Not* i  Tha  lift  height  of  75  fast  in  Syatama  2  and  4 
abova  may  bs  increased  by  raplacing  tha  ropa 
atoraga  drum  on  tha  winch  with  ona  of  tha  ra- 
quirad  capacity. 


The  preliminary  reliability  analysis  of  tha  heavy-lift  heli¬ 
copter  external  load  is  based  on  the  reliability  block 
diagrams  and  mathematical  models  shown  in  Figures  121  and  122|. 

Failure  rates  were  obtained  from  the  tri-service  Failure  Rate 
Data  Handbook  (FARADA) . 

The  results  of  the  analysis  are  presented  as  Mission  Reliability 
«M  to  a  1-,  2-,  and  3- hour  load  handling  system  mission. 

(This  is  not  to  be  construed  as  a  1-,  2-, or  3-hour  helicopter 
mission.) 


TABLE  XI 
MISSION  RELIA) 

V 

BILITY 

Component 

1  Hr. 

2  Hr. 

3  Hr. 

Winches 

.9999514 

.9999028 

.9998542 

Electrical  Reel 

.999952 

.999904 

.999856 

Electrical  System 

.999932 

. 999864 

.999796 

Beam  &  Hook  Assy 

.999990 

.999980 

.999970 

Hoisting  Ropes 

.999514 

.999028 

.998542 

Supports 

.999969 

.999938 

.999907 

rm 

.999309 

.998617 

.997926 
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Figure  122.  Electrical  Conductor 


PRELIMINARY  MAINTAINABILITY  STUDY  ANALYSIS 


The  technique  presented  in  this  report  has  been  developed  to 
provide  an  engineering  tool  for  designing  equipment  to  fulfill 
specified  maintainability  requirements.  Maintainability 
analysis  methods  will  be  established  to  complement  the  predic¬ 
tion  technique. 

Study  Objectives 

1.  Identify  maintainability  factors  that  affect  equipment 
availability  and  support. 

2.  Determine  relationship  of  equipment  design  to 
maintainability. 

3.  Determine  the  relationship  of  maintainability  to 
support  environment  and  maintenance  personnel. 

The  use  of  the  prediction  technique  to  evaluate  equipment's 
maintainability  is  approached  from  a  sampling  basis.  In  this 
instance,  comparative  studies  will  be  made  of  the  CH-46  and 
CH-47  helicopters. 

Analysis  Method 

Data  derived  from  the  prediction  technique  will  be  used  to 
specifically  determine  areas  within  the  equipment  in  which 
to  effect  maintainability  improvement. 

1.  Maintenance  time  data  evaluation  to  determine  parts 
within  the  equipment  requiring  improvement. 

2.  Isolation  of  deficiencies  for  various  design  features. 

The  establishment  and  measurement  of  maintainability  consist 
of  analyzing  existing  data,  expanding  the  existing  data 
acquisition  on  operational  CH-46  and  CH-47  helicopters,  and 
making  appropriate  comparison. 

Hoist  System  Maintainability  Checklist 

1.  Accessibility  of  components  and  parts  requiring 
periodic  or  frequent  replacement. 
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2.  Accessibility  of  components  and  parts  requiring 
frequent  inspection  for  damage  or  corrosion  due  to 
their  nature  or  location. 

3.  Accessibility  of  components  and  parts  requiring 
frequent  field  adjustments,  rigging  and  checking. 

4.  Minimum  requirement  for  preventive  and  in-storage 
maintenance  procedures. 

5.  Utilization  of  standard  components  and  parts. 

6.  Interchangeability  and  replaceability  of  assemblies, 
components  and  parts. 

7.  Incorporation  of  quick  disconnects  for  electrical 
connection  and  hydraulic  line  couplings  at  dynamic 
components. 

8.  Routing  of  control  rods,  hydraulic  lines  and  like 
hardware  to  prevent  damage  by  personnel  performing 
maintenance  tasks  in  area. 

9.  Systems  designed  to  enable  maximum  utilization  of 
standard  tools. 

10.  Protection  provided  dynamic  components  from  adverse 
effects  of  environment  (dust,  sand,  moisture) . 

11.  Simplified  in-field  check  of  status  of  each  hoist 
mode. 

12.  Size  of  system  and  components  of  practical  nature 
to  allow  ease  of  handling. 


Results 


1.  As  data  evolved  during  the  subject  study,  and  available 
cost  comparisons  were  derived,  it  became  evident  that 
there  was  little  or  no  correlation  between  CH-47  and  CH-46 
winches  and  the  proposed  HLH  winch.  The  preliminary 
analysis  points  to  the  need  for  more  detailed  maintain¬ 
ability  data  utilizing  detail  installation  drawings  of 
a  final  configuration. 
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2.  The  preliminary  design  critique  and  drawing  reviews 
have  been  tested;  they  conform  to  the  maintainability 
checklist  and  reflect  all  maintenance  considerations. 
The  areas  considered  to  need  more  detailed  explanation 
for  a  final  analysis  ares  inspection  access  panels, 
provisions  for  external  circuitry  checks, and  provision 
for  functional  check  of  safety  systems. 

3.  As  part  of  the  preliminary  analysis,  we  find  that  the 
following  will  be  required: 

a.  Daily  inspections  for  security  and  condition. 

b.  Preintended  use  inspection  and  functional  check. 

c.  On-condition  replacement  of  cable,  grooved  drum 
treads,  hooks  and  external  fittings. 

d.  Periodic  installed  maintenance  and  inspection  of 
winch  and  cable  assemblies  every  50  hours  or  50 
cycles,  to  include  lubrication  and  cleaning  of 
cable,  brake,  and  drum  treads,  and  check  of 
condition . 

e.  Periodic  removal  and  inspection  of  major  components, 
i.e.,  brake,  clutch,  drum  gears,  and  hydraulic 
motor,  to  include  proof  load  test. 

4.  The  current  estimate  of  scheduled  maintenance  require¬ 
ments  is: 

a.  Daily  Inspection  .25  Man-hours 

b.  Preintended  use  and  functional  .50  Man-hours 
check 

c.  50-hr/50-cycle  inspection  2  Man-hours 

5.  Close  monitoring  on  the  detail  design  of  the  complete 
system  will  reduce  the  estimated  times  in  paragraph 

4  above. 
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GROUND  HANDLING  AND  INSTALLATION  OF  WINCHES  IN  THE 
PRIME  MOVER 


Each  complete  winch  assembly,  weighing  approximately  1300 
pounds,  creates  a  handling  problem  during  installation.  The 
hoist  system  is  installed  with  the  use  of  a  dolly  (see  Figure 
123) .  The  dolly,  consisting  of  a  tubular  framework  with  fully 
castering  wheels,  would  have  a  capability  of  lifting  the  winch, 
complete  with  supports,  off  the  aircraft  floor  structure  and  of 
subsequently  transporting  it  out  of  the  aircraft.  The  same 
dolly  would  be  used  to  store  the  winch  assembly  when  not 
installed  in  the  aircraft  and  would  also  facilitate  routine 
maintenance  testing  of  the  winch  system  (see  section  entitled 
"Winch  Drive  Hydraulic  System"  in  this  document) . 

The  above  referenced  dolly  assumes  that  the  helicopter  config¬ 
uration  will  be  a  transport  with  a  rear  loading  ramp,  thus 
permitting  the  removal  of  the  winch  on  its  transport  and 
storage  dolly. 

In  the  case  where  the  helicopter  configuration  will  be  a  crane 
transport  with  high  landing  gear,  then  provision  will  have  to 
be  made  for  lowering  the  winch  from  the  aircraft.  Hard- 
points  will  have  to  be  provided  in  the  fuselage  cabin  ceiling 
structure  to  receive  a  manually  operated  auxiliary  hoist 
similar  to  those  at  present  in  use  as  bomb  or  external  stores 
hoists  on  Navy  and  Air  Force  aircraft .  Figure  124  illustrates 
the  proposed  method. 

In  the  case  where  the  helicopter  configuration  will  be  a  crane 
(i.e.,  without  cabin),  provision  will  have  to  be  made  in  the 
basic  aircraft  fuselage  structure  for  a  rope/pulley  system 
which  will  allow  the  raising  or  lowering  of  the  winch  by  means 
of  a  manual  auxiliary  hoist. (Figure  125) 

In  all  cases  above, a  dolly  will  be  required  to  receive  and 
transport  the  winch  when  removed  from  the  helicopter 
(Figure  12 3)  . 
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Figure  123.  Installation  of  Dolly  Winch,  20-Ton  Hoist  System 


SYSTEM  SAFETY  AHALYSIS 

Introduction 


A  ay  stems  safety  review  was  made  of  the  two- winch#  two-point# 
external-cargo  handling  system  by  using  the  "fault  tree  analysis1' 
technique.  The  fault  tree  analysis  technique  has  been  effec¬ 
tively  employed  by  the  Boeing  Company  in  other  programs#  and 
has  been  refined  and  standardized  by  Boeing  so  that  this 
analysis  can  be  virtually  applied  to  any  system#  design#  or 
procedure. 

Fault  tree  analysis  presents  the  interrelationships  between 
individual  subsystems#  the  operator#  and  the  operational 
environment.  A  properly  constructed  fault  tree  readily  identi¬ 
fies  hazards#  which  result  in  a  undesired  event#  that  are  not 
visible  in  a  single  thread  analysis  such  as  the  failure  modes# 
effects#  and  criticality  analysis.  Fault  tree#  therefore|is 
a  tool  to  identify  the  total  effect  of  any  single  failure  on 
the  hoist  system. 

Fault  Tree  Construction 

A  fault  tree  is  constructed  by  properly  relating  all  possible 
sequences  of  events  that#  upon  occurrence#  result  in  the 
undesired  event.  The  fault  tree  graphically  depicts  the  pro¬ 
gressive  paths  that  lead  to  each  succeeding  (higher)  level  of 
the  display.  This  does  not  imply  that  each  ascerding  fault 
path  has  a  "higher  probability  of  occurrence";  in  fact#  in 
many  instances#  the  opposite  may  be  the  case.  However#  a  series 
of  "little  things",  each  with  a  relatively  low  probability  of 
occurrence#  may  trigger  an  event  at  the  next  higher  level.  This 
is  depicted  in  the  fault  tree  as  a  progression  of  events  through 
the  logic  gates  (see  Figure  126). 

The  two  basic  logic  gates  used  in  constructing  a  fault  tree  are 
the  "AND"  gate  and  the  "OR"  gate.  The  "AND"  gate  performs  the 
logic  function  that  requires  the  coexistence  of  all  gate 
input  events  in  order  to  realize  an  output  event.  The  "OR"  gate 
performs  the  logic  function  that  requires  any  one  of  the  gate 
input  events  in  order  to  realize  an  output  event.  A  legend  for 
the  fault  tree  symbols  used  in  this  analysis  is  shown  on  the 
fault  tree  diagram  shown  in  Figure  126  . 
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An.lv.l. 

Step  1  defined  the  moat  undeaired  event;  i.e.,ths  event  which 
must  be  kept  from  happening.  This  event  was  defined  as 
"Aircraft  destroyed  during  cargo  handling  operation".  Next# 
the  cargo  handling  operation  was  separated  into  the  various 
operational  phases!  i.e.,  still  applying  the  same  philosophy 
that  the  top-most  undesired  event  must  be  kept  from  happening 
during  each  of  the  operational  phases.  The  phases  selected 
weret 


1.  A/C* hovering  over  load.  Ground  crew  securing  load 
to  A/C . 

2.  A/C  hovering  over  load.  Initial  lift-off  of  load. 

3.  A/C  hovering  with  load. 

4.  A/C  hovering.  Load  simultaneously  being  reeled  in. 

5.  A/C  hovering.  Load  simultaneously  being  reeled  out. 

6.  A/C  cruising. 

7.  A/C  hovering.  Unloading.  *A/C  =*  Aircraft 

As  an  example  of  fault  tree  analysis,  the  first  phase  is  examined 
in  detail.  Starting  at  the  top  of  tree  and  working  down,  we 
proceed  through  the  following  course  of  events: 

1.  The  most  undesired  event  is  defined  as  "aircraft 
destroyed  during  cargo  handling  operation". 

2.  The  operating  condition  during  which  we  do  not  want 
this  event  to  occur  is:  "A/C  hovering  over  load. 

Ground  crew  securing  load  to  A/C" . 


3.  An  event  which  can  cause  the  top  output  event,  "destroyed 
A/C",  is  an  "unstable  A/C". 

4.  For  the  output  event  "unstable  A/C"  to  occur,  the  co¬ 
existence  of  input  events  "unwanted  movement  of  A/C" 
and  "asymmetrical  load"  are  required  (this  is  indicated 
by  the  AND  logic  gate) . 
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5.  For  the  output  event  "unwanted  movement  of  A/C"  to 
occur#  either  of  input  events  "sudden  gust"  or  "pilot 
initiated"  must  exist  (this  is  indicated  by  the  OR 
logic  gate) . 

6.  For  the  output  event  "pilot  initiated"  to  occur#  the 
coexistence  of  input  events  "failure  of  pilot  to  obtain 
'go'  signal  from  crane  operator"  and  "failure  of  pilot 
to  observe  light  monitor  system"  must  exist. 

7.  Likewise#  the  same  logic  can  be  applied  in  order  to 
determine  the  various  events  that  could  make  the  out¬ 
put  event  "asymmetrical  load"  occur. 

Once  having  satisfied  ourselves  that  this  branch  of  the  fault 
tree  has  been  developed  in  sufficient  depth#  we  can  make  a 
qualitative  assessment  of  the  overall  safety  aspects.  A  review 
of  the  branch  shows  that  the  redundancy  of  the  events  and  the 
very  nature  of  the  events  themselves  are  such  that  the  likeli¬ 
hood  of  their  occurrence  in  order  to  cause  the  top  undesired 
event  "destroyed  A/C"  is  remote.  On  this  basis#  the  safety 
considerations  employed  in  the  design  of  this  phase  of  the 
system  are  considered  to  be  adequate#  and  the  system  design  is 
considered  to  be  safe. 

Safety  Analysis  Summary 

A  system  safety  review  was  made  of  the  two-winch,  two- point 
external  cargo  handling  system  by  using  the  fault  tree  analysis 
technique.  The  top-most  undesired  event#  i.e.,the  event  which 
must  be  kept  from  happening, was  defined  as  "Aircraft  destroyed 
during  cargo  handling  operation". 

A  review  of  the  completed  fault  tree  showed  that  the  redundancy 
of  the  events  and  the  very  nature  of  the  events  (with  the 
exception  noted  below)  were  such  that  the  likelihood  of  their 
•  occurrence  in  order  to  cause  the  top  undesired  event,  "destroyed 

A/C"#  was  remote.  The  system  was  judged  to  be  safe  on  this  basis. 

The  exception  noted  is  the  failure  of  a  hook  and/or  a  sling. 

\  These  are  the  only  single  component  hardware  items  depicted 

on  the  fault  tree  whose  failure  could  lead  to  the  top 
undesired  event.  (The  "hook  failure"  and  "sling  failure" 
events  follow  OR  gates  only  in  leading  to  the  top  undesired 
event#  indicating  that  failure  of  either  of  these  items  alone 
could  cause  the  top  undesired  event.)  Alternatives  that  can  be 
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followed  to  ensure  safety  features  in  this  area  aret 

1.  Follow  conservative  design  practices  and  employ  rigid 
quality  control  practices  in  the  fabrication  of  the 
hook.  The  same  applies  to  the  sling,  but  adherence 
to  more  rigid  quality  control  standards  must  be  main¬ 
tained  in  the  field,  on  the  basis  that  the  sling  is 
probably  more  susceptible  to  damage  from  field  use. 

2.,  Extend  the  automatic  emergency  release  system  from  the 
beam  to  the  load.  This  provides  the  redundant  feature 
of  automatically  jettisoning  the  load  in  the  event  of 
a  hook  or  sling  failure. 
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DEVELOPMENT  PLAN  WITH  RESPECT  TO  TIME  FOR  THE  TWO-POINT  HOIST 
8Y8TEM  DESCRIBED  IN  PHASE  II 

The  following  development  plan  estimates  tha  tima  required  to 
design,  fabricata  and  banoh-taat  tha  major  componanta  of  tha 
two-point  hoist  syitam.  Additionally,  tha  plan  oovara  tha 
assembly  of  tha  componanta  into  a  complete  hoist  subsystem 
and  the  subsystem  ground  qualification.  Further,  it  encom¬ 
passes  tha  modification  of  and  installation  into  a  prime  mover 
for  flight  qualification,  operational  evaluation  and  service 
acceptance  trials.  For  the  purpose  of  this  planet  has  been 
assumed  that  the  prime  mover  will  be  a  CH-47  Model  C  heli¬ 
copter  because  of  its  availability  within  the  time  frame  of 
this  plan. 

The  development  plan  further  assumes  that  development  work 
required  to  resolve  any  design  problems  has  either  been  com¬ 
pleted  or  is  running  parallel  with  the  detail  design  phase  of 
this  program.  See  Phase  1 1 -Development  Schedule,  page  2  84. 

The  development  schedule  does  not  indicate  any  parallel 
development  programs  which  may  be  required  to  substantiate 
design  features  defined  as  problem  areas  (see  Design  and 
Development  Problem  Areas  on  page  2 16 of  this  report),  nor 
does  it  show  the  development  time  required  to  design,  fabricate 
and  build  a  facility  to  ground  qualify  the  hoist  system. 
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Figure  127.  Phase  II  -  Development  Schedule  With  Respect  to  Time, 


PHASE  II  -  PRELIMINARY  STRESS  ANALY8IS 


INTRODUCTION  AND  SUMMARY 

This  section  presents  the  loads  and  stress  analysis  for  the 
heavy  lift  helicopter  external  load  handling  systems. 

The  primary  function  of  the  external  cargo  system  and  its 
various  structural  components, such  as  the  capstan  drive  system, 
capstan  winches,  upper  suspension  ropes,  horizontal  beam, and 
lower  suspension  ropes  is  to  deliver  a  maximum  40,000-pound 
external  cargo.  Basically,  the  capstan  drive  system  is  the 
mechanism  which  synchronizes  the  operation,  while  the  lower 
ropes,  horizontal  beam,  cargo  hooks,  and  upper  ropes  provide 
the  means  of  sustaining  and  distributing  the  external  loads 
to  the  drive  system. 

The  hoisting  system  uses  two  capstan-type  winches  which  are 
located  in  the  fuselage  of  the  heavy-lift  helicopter.  Each 
winch  provides  the  mechanical  power  to  hoist  a  25,000-pound 
load  through  a  series  of  drums  and  a  drive  system.  The 
winch  scheme  incorporates  secondary  and  loaded  drums  whose 
functions  are  to  absorb  the  loading  while  the  storage  drum 
remains  unloaded  at  all  stages.  A  minimum  preloading  in  the 
ropes  wrapped  around  the  storage  drum  does  exist  to  eliminate 
rope  slack  in  the  system. 


SUMMARY  OF  ULTIMATE  MARGINS  OF  SAFETY 


A  tabular  summary  of  the  minimum  margin  of  safety  for  each 
system  component  is  presented  below  in  Table  XV  .  The  minimum 
life  of  winch  drive  system  gears  is  also  presented. 


TABLE  XV 

MINIMUM  MARGIN  OF  SAFETY  FOR  EACH  SYSTEM  C0MP0NE1 

NT 

Item 

Type  of 
Failure 

Condi¬ 

tion 

Page 

Ult. 

M  S 

Rope 

Upper  Rope 

Lower  Rope 

Tension 

Tension 

3B 

3B 

!  294 

293 

.04 

.12 
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1  |f  1  11  M1H 

nued.  J 

Horizontal  Beam 

Longitudinal  Member 

Bending 

3A 

306 

.01 

Capstan  Winch 

Side  PL (Plate) 

Bending 

3B 

313 

.57 

Secondary  Drum 

Compression 

3B 

326 

1.80 

Loaded  Drum 

Compression 

3B 

327 

.35 

Bellmouth  Mountings 

330 

Bellmouth  D-D 

Bending 

3B 

336 

.26 

1/2"  Diameter  Bolts 

Tension 

3B 

340 

.06 

Winch  Drive  System 
First  Stage 

Sun  Cear  (C) 

Tension 

IB 

346 

.33 

Minimum  Life  of  Winch  Driv  Svitw 

The  second- stage  planet  gear  HE"  has  a  minimum  life  of  3880 
operational  duty  cycles.  The  design  objective  is  3600 
operational  duty  cycles. 


STRESS  RECOMMENDATIONS 
qorigpntaj  Beam 

If  the  single-point  mode  is  eliminated,  the  horizontal  beam 
can  be  reduced  to  be  a  housing  for  the  release  mechanism. 
Where  the  lower  rope  is  concentric  with  the  upper  rope 
the  horizontal  beam  is  unloaded. 

lading  Spectrum 

To  realistically  define  the  service  life  of  the  winch  drive 
system  and  the  winch  beam  support  bearings,  any  follow-on 
effort  must  include  a  complete  loading  spectrum.  For 
example,  if  the  life  of  the  system  is  3600  duty  cycles, 
what  is  the  distribution  ofs 
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BK  17546 
Typical 


SK  17542 
Typloal 


•X17547 

Typical 


•6. 75" 

Typical 


/ 


SUMMARY 

TABU  XVI 

OF  CRITICAL  ABACTIONS  ON  THE  HELICOPTER 

LOAD  CONDITION 

H  !»;•>! 

(For  Load  Dafinition  1A, 
IB/  Figure  125  .) 

F 

F 

*2 

F 

Z3 

F 

Z4 

F 

yl 

1 

1A  or  IB 

Neutral 

10.3 

72.9 

72.9 

0 

C 

IB 

18  in.  Fwd 

12.1 

87.3 

58.5 

8.5 

0 

C 

IB 

18  in.  Aft 

8.5 

58.5 

87.3 

12.1 

0 

c 

3B 

18  in.  Fwd 

10.7 

76.2 

51.2 

mm 

0 

C 

(30®  Aft  Sway) 

18  in.  Aft 

7.5 

51.2 

76.2 

10.7 

0 

G 

3B 

18  in.  Fwd 

10.7 

76.2 

51.2 

mm 

0 

0 

(30*  Fwd  Sway) 

18  in.  Aft 

7.5 

51.2 

76.2 

10.7 

0 

0 

2B 

18  in.  Fwd 

10.7 

76.2 

51.2 

7.5 

5.2 

41 

(30*  Right  Sway) 

18  in.  Aft 

7.5 

51.2 

76.2 

10.7 

3.4 

27 

2B 

18  in.  Fwd 

10.7 

76.2 

51.2 

mm 

-5.2 

-41 

(30*  Left  Sway) 

18  in.  Aft 

7.5 

51.2 

76.2 

10.7 

-3.4 

-27 
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8K  17542 
Typical 


8K17547 

Typical 


Hk 


•4.75" 

Typical 


rr^n 

M 


F«1  f,4 


Poaitiva 

Sign 

Convantion 


Left 


- 

Relative  Location  of  Hoist  System  Elements. 


TABLE  XVI 

SUMMARY  OF  CRITICAL  REACTIONS  ON  THE  HELICOPTER 


'9.75" 

'typV 


10.3 


12.1 


8.5 


10.7 


.5 


10.7 


F 

*2 

F 

*3 

72.9 

72.9 

87.3 

58.5 

58.5 

87.3 

76.2 

51.2 

51.2 

76.2 

76.2 

51.2 

51.2 

76.2 

76.2 

51.2 

51.2 

76.2 

76.2 

51.2 

51.2 

76.2 

3 


8.5 


12.1 


5 


10.7 


5 


10.7 


-46.8 

-30.6 

-30.6 

-46.8 

46.8 

30.6 

30.6 

46.8 

41.6 

27.2 

27.2 

41.6 

-41.6 

-27.2 

-27.2 

-41.6 

ULTIMATE  LOADING  SPECTRUM 

1.  Loads  are  in  kips.  2.  Reactic 
system  weight  at  indicated  load 

Loading 

Suspension  Mode 

Condition 

L  _ _ 

Single  Point 

|Con4  Multi-Point 

30* 

Longitudinal 

sway 

3.75  ult 
design  factor 


1. 5g  Plu* 
aerodynamic 
drag  (ult)1 
8'  x  8' 
container  at 
100  Knots 


Max.  ult  long, 
acceleration 

l.Og  down 
0.75g  aft 
(F.S.  1.51 


3A 


4A 


5A 


Figure  129.  Ultimate  Loading  S] 


r.>uuw  ««« it;  ?1^P^  ^1 


b  are  in  kips.  2.  Reactions  include  payload  and 
m  weigh  c  at  indicated  load  factor  at  capstan  bellaouth. 


i  129.  Ultimate  Loading  Spectrum. 


1.  payload  gross  weight , 

2.  eg  position, 

3.  rope  extension  and  retraction. 

(For  loading  computations,  reference  Figure  128  and  Table  XVX.) 

DISCUSSION  OF  ULTIMATE  LOACIIK  CONDITIONS  iLOAD  ANALYSIS) 

The  ultimate  loading  condition  is  based  on  the  lift  Capacity 
of  40,000  pounds  with  a  limit  lpad  factor  of  2.5  and  an  ultimate 
load  factor  of  1.5  (ultimate  design  load  factor  of  3.75). 

This  ultimate  design  load  factor  is  applied  to  the  weight  of 
the  cargo  and  is  applied  30  degrees  from  the  vertical  in  fny 
direction.  Ten  loading  conditions  are  investigated 
as  shown  in  Figure  129. 

The  external  cargo  handling  system  carries  the  cargo  by  either 
the  single-point  suspension  system  or  the  twq-point  suspension 
system. 

.  i  v  «  ■ 

v 

The  single-point  suspension  system  features  a  floating  pulley 
to  align  the  center  of  gravity  of  the  cargo  with  the  center  line 
of  the  horizontal  beam  (for  down  loads  only).  This  alignment 
of  the  cargo  eg  will  produce  equal  winch  rope  loads.  For 
longitudinal  loads,  the  floating  pulley  will  move  in  an  ellip¬ 
tical  path  such  as  to  align  the  resultant  pulley  loads  With 
the  resultant  cargo  loads  (vector  sum  of  the  vertical  and 
longitudinal  loads) •  The  elliptical  pulley  path  is  defined  by 
the  length  of  the  pulley  rope  •  Pendulum  action  of  the 
suspension  system  will  react  lateral  sway  loads. 

The  two-point  suspension  system  utilizes  the  direct  attachment 
of  the  winch  ropes  to  the  cargo.  In  this  system, pendulum 
action  will  support  both  longitudinal  and  lateral  sway  loads. 

To  account  for  a  possible  asymmetrical  location  of  the  cargo 
eg,  a  18 .00- inch  allowable  eg  travel  in  either  direction  (from 
center  iine  of  the  two  winch  ropes  )  is  featured  in  this 
system.  The  multi-point  suspension  conditions  IB,  2B,  and  3B 
(refer  to  load  conditions,  page  2 87)  and  single-point  condition 
5A  yield  the  maximum  winch  rope  load  of  25,000  pounds.  The 
multi-point  suspension  has  the  advantage  of  providing  the 
desired  pitch  and  yaw  restraint  and  has  the  simplest  configura¬ 
tion. 


I,  .^1  Mffrlrf*llTW6 W*m>,11I  PMH  urn111 . . 


Winch  Dr iv  Endur.no  Lo.dlno  Condition 

Tha  endurance  loading  condition  consiata  of  hoiating  a  40,000- 
pound  cargo  (at  l.Og)  with  extreme  eg  travel  in  tha  multi-point 
auapanaion  mode.  Tha  winch  ropa  anduranca  load  ia  25,000 
pounda;  thia  winch  cabla  load  ia  uaad  in  tha  definition  of  tha 
oparational  duty  cycle.  A  duty  cycla  conaiata  of  lifting  and 
lowering  a  40,000-pound  item  60  feat  (60  ft/min  ropa  spaed). 
Tha  life  of  tha  gears  in  tha  winch  drive  system  is  calculated 
using  this  anduranca  load.  Sea  Figure  130  below. 

Aerodynamic  Load  Analysis  for  Cargo 


Drag  -  q  x  S  x  Cd 

q  *  1/2  ^V2  (dynamic  pressure) 

V  *  100  knots  or  115  miles  per  hour  ■  169  feat  per  second 
f  -  0.002378  lb-sec2/ft4 

Cd  -  0.80  to  1.25 

2 

q  «  0.001189  (lb"82c  )  x  (169  ft/sec)2  -  28.6  lb/ft2 

ft 

Drag  «  (28.6  lb/ft2)  (64  ft2) 

D  =  1840  lb 

Dult  =  2760  lb 
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CC  LIMIT I  2-Polnt  Lift 


Vertical  Condition 


Figure  131.  Two-Point  System,  Two-Point  Lift  (CG  Restrictions). 


Compute  permissible  eg  shifts 
Boundary  conditions  at  aft  rope  *25 

W  -  150* 

X  -  .^?^170t5)  „  103#72 
eg  shift  -  103.72  -  170.5/2  -  18.47  in. 


Use  18.0  in.  eg  travel. 

STRESS  ANALYSIS  QF  COMPONENTS 
Rope 


Nonstandard  rope  must  be  procured  if  a  maximum  diameter  of 
1  inch  is  to  be  maintained.  The  following  analysis  shows 
that  a  rope  procured  to  a  minimum  breaking  strength  of 
103,000  pounds  will  have  a  margin  of  safety  of  +0.04. 

Two-Point  Svatem  With  Multi-Point  Lift 
lower  Rope 

Load  -  91.080  Kips 

Rope  weight  (13.3  x  3.75  x  1.87)  ■  0.093 
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Nook  weight  (20  x  3. 73) 


'Mi 

Total  design  load  at  beam  ■  91.25x 

Rope  diameter  ■  1.00  in.  . 

J 

Rope  break  strength  (special  rope  )  ■  10 3K 

Condition  3B  critical! " 

Longitudinal  sway  -  -300 
Rope  Load  -  91.25K 

MS  -  (103/91.25)  -1  -  0.12 

Upper  Rope 

Load/capstan  at  critical  eg 
6%  bending  factor 
Rope  weight  (150  x  1.87  x  3.75) 

Hook  weight  (40  x  3.75) 

Half  beam  assembly  weight 
Body  2  cable  (13.3  x  3.75  x  2.4) 

Total  design  load  *  99.23K 

Lift  height  «  150  ft 

Rope  diameter  *  1.00  in. 

Rope  break  strength  (special  rope  )  -  103KIP 


«  91 • 25* 

-  5.46 

-  1.05 

-  0.15 

-  1.20 
"  0  093 


Condition  3B  critical  for  ropes  : 
Longitudinal  sway  ■  -30° 

Maximum  load  without  6%  factor  *  93.75K 
MS  -  (103/99.23)  -1  -  0.04 


Rope  Analysis  (Condition  IB) 


DEPLECTIOif  ARRLV618 


If  special  rope  (l<-in.-dia,  6  x  37  IWRS)^is  Obtained,  the 
breaking  strength  of  the  rope  will  be  rated  at  103kj  thus, 
both  ropes  (upper  and  lower)  will  be  constructed  from  1-inch 
diameter  stock.  - 7 

2 

A  -  0.404 in.  (1  rope)  .  ,/ 


6 


PL/AE 


99.230  x  150  x  12 
11  x  106  (0.404) 


6  -  40.0  in.  (3.33  ft)  upper  rope 

K  -  P/6  -  2480  lb/in. 

,  91.250  x  160 

11  x  10®  (0.404) 

■  3.26  in.  lower  rope 

K  -  91,250/3.26  *  27,800  lb/in. 

Total  possible  vertical  displacement: 

5  *  0.866  x  3.26  +  40  -  42.82  in.  (At  ultimate  load) 

TENSION  IN  UNIFORMLY  LOADED  ROPE  DUE  TO  DRAG 


# 


* 


Figure  132  .  Tension  in  Uniformly  Loaded  Rope. 
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Assume  that  the  cables  ire  pinned  at  both  ends  and  datarmina 
tana  ion  in  tha  systems 


Whan 

I 

V 

Cd 

Factor 

i 

V 
Cd 

Factor 


30  ft 
100  kt 
1.20 
3.75 
150  ft 
40  kt 
1.20 
2.5 


Cable  Tension 


Case  1 


Case  2 


IL 


/ 


Ref  Point 

Figure  133.  Sketch  Showing  Tension. 


Basic  Equations  (see  Reference  18) 
HYm  *  w  x/2  -wx2/2 
tMAX  “  H(1  +  16«2)^ 

e  -  v* 


H(ds/dx) 


When 


x  *  L/2 

Ym  -  h 

H  *  w£2/ 8h 

h  *  w£2/8h 

6  *  h/t  *  w£/8H  sag  ral 

TMAX  *  wi2/8h  £l  +  16 


»i  .  i  KtfMK  *1 


ROPE  AERQDYHRMIC  LOMjS 


n 


X, 


Cili  1 

q 

v 

? 

q 

q 

q 

q 

proj acted  area 
w 


l/2fV2 

100  x  1.69  ■  169  ft/sec 
0.002378  lb-sec2/ft4 
0.00119 (169) 2 
34.20  lb/ft2 
0.238  lb/ln.2 

0.238  x  1.2  x  3.75  -  1.06  lb/in.2 
1  in. 

1.06  lb/in. 


Case  2 

V  -  40  x  1.69  -  67.5  ft/aec 
q  -  0.00119  (67.5) 
q  -  5.4  lb/ft2 
q  -  0.038  lb/in.2 
w  ■  0.038  x  1  y  1.2  x  2.5 
w  -  0.115  IbAn. 


Rope  Tension  (Condition  IB) 


Caae  1 

/ 

H 

w 

V 

h 


rMAX 

Tmax 


30  ft  (360  in.) 

93. 8* 

1.06  lb/in. 

100  kt 

wjc2  1.06  (360) 

8H  8  (78,200) 

9* 222  .  520  x  10”6 
360 

93.8  [l  +  16  x  (620  x 
93. 8k  (no  change). 


0.222  in. 


lO'6)  2J 


Case  2 

l 

H 

w 

V 

h 


TMAX 

tmax 


=  150  ft  (1800 
«  93. 8* 

-  0.115  lb/in. 

-  40  kt 

*  0.115  (1800) 
8  (78,200) 

*  93.8  [l  +  16 

-  93. 8K 


in.) 


=  0.590  in. 
x  (328  x  10“6) 2j* 
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The  preceding  analysis  i  fiestas  that  the  asrodynanic  drag 
on  ths  ropss  is  negligible  and  osn  therefore  bs  disragardsd. 


LY  (Reference  Figures  134  and  13?) 


The  conventional  mathod  of  strass  analysis  was  utilizad  for 
this  component.  Condition  3A  (Pigurs  128,  page  287)  was 
critical  for  tha  horisontal  beam  and  dicta  tad  tha  usa  of  4 
extruded  angles  (1.75  in.  x  2  in.  x  0.156  in.)  and  tha  0.072- 
inch  thickness  for  tha  skin  frame.  All  parts  are  constructed 
from  7075-T6  aluminum. 


Figure  134.  Horizontal  Beam,  Schematic  Diagram. 
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CRITICAL  LOADS  -  SK  17544  BEAM  ASSEMBLY 


<• 


* 


♦ 


9 


300 


Figure  136.  Critical  Loads,  Bean  As 


*.*»<*« 


The  beam  assembly  la  compoaad  of  3  major  alamantat  2  hook 
fittings  and  tha  cantar  or  box  alamant  joining  tha  hooks. 


Total  Area 

Effective  area  in  compression 
(corner  angles  +  2W  skin) 

Iyy 

1ZZ 

py 

Px 


-  4.11  in.2 

-  3.128  in.2 
■  29.06  in.4 

-  19.35  in.4 

-  3.05  in. 

-  2.49  in. 
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,  nr.irmir" — mmmmmmmmm-  immrnimmmimi'Mtn 


Since  the  beam  is  critical 

for  combined  axial  load  and 

bending  on  the  compreeaion  side, 

only  effective  akin  is  included 

in  section  properties.  See  Reference  17. 


Figure  138.  Beam  Assembly  Section  Properties. 


i*  fin*  AlitiffUrAMn&ii&Mtl*  i*»  tTMt*  ft ; 


TABLE* XVII 

BEAM  SECTION  PROPERTIES 


Element 

Area 

y 

■9 

■1 

s 

*«2 

lo» _ 

1 

2.974 

4.94 

0.151 

mm 

3.08 

■hub 

2 

0.558 

2.974 

4.94 

0.151 

'RSI 

3.08 

3 

0.112 

3.46 

1.34 

0 

2.20 

0.54 

0.025 

4 

0.112 

3.46 

1.34 

0 

2.20 

0.54 

0.025 

5 

0.112 

2.70 

0.81 

0.025 

2.964 

0.98 

0 

6 

0,112 

2.70 

0.81 

0.025 

2.964 

0.98 

0 

0.558 

2.974 

4.94 

0.151 

2.351 

3.08 

0.212 

0.558 

2.974 

4.94 

0.151 

2.351 

3.08 

0.212 

0.112 

3.46 

1.34 

0 

2.20 

0.54 

0.025 

El  .? 

0.112 

3.46 

1.34 

0 

2.20 

0.54 

0.025 

la  s 

0.112 

2.70 

0.81 

0.025 

2.964 

0.98 

0 

mm 

0.112 

2.70 

0.81 

0.025 

2.964 

0 

Totals 

3.128 

i 

i 

i 

28.36 

0.704 

i 

i 

i 

18.40 

0.948 

lyy 

*  28.36 

+  0.704  -  29.06  in.4 

jjnr 

Azz 

-  18.40 

+  0.948  -  19.35  in.4 

The  box  assembly  or  center  section  Is  critical  fort 

1.  Condition  1A:  Maximum  axial  compression 

2.  Condition  3A:  Combined  bending  and  compression 
Condition  1A 


F  *'43,300  lb  (comp) 

p/aeff  -  *§tn§  ■ 13'800  p,i 


MIN 


m*l  *  68.5 

2.49 


F  *  25,000  psi 

c 


MS 


25.000  , 

16,000 


0.56 


Condition  3A 

F  *  36,800  lb  (comp) 

JC 
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(iMu  n»lrtfl*jtelrthnri‘‘-<iHTi  nr"  *v  ri'ri m i<iVf  etirtftfiiMif  I1 


M|u^  ■  431#  000  In. -lb 

The  fork  logs  of  ths  bsam  snd  fitting  are  sf fsetivs  in 
carrying  monant.  Ths  box,  than,  is  critical  at  ths  and  of  tha 
fitting,  where t 


M  ■  0.82  ■  353,000  in. -lb 

£♦£. -2HSS +  WtMpa**! . 54,200 P.i 

A  Zy  3.128  29.06 

Fcc  -  55,000  psi 


MS 


54,200 


0.01 


End  Beam  Connsetion  (Condition  3a)  (Refersnea  Figure  139) 
Load/Cornar 

M  *  0.80  x  431  «  344K  in. 

P  -  36. 8k 


Load/in . 
Pitch  at  1-1/8 

Load/Bolt 


q  -  I  +  36J|  q  .  9.75  K/in. 

8  5  4 

1.125  x  9.75  -  12.20K 


Rivet  range  out  -  use  bolts. 

Ftu  -  180  Ksi  *  7/16-20  bolts 
PT  -  19.6* 

PS  -  15,4* 

MS  -  H4  "I  “  0.26 


* 


ft 


» 
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I 


kMMeS  rf  #*¥ 


f/2 


P/4 


•c~-.=r  L' 


Figure  139.  End  Bei 
Diagrai 


f. 


Transition 

/ 


Collar  (4) 


f 


Figure  140.  Cross-Sectional  Diagram  of  End  Beam 
Connection  Showing  Stiffenera. 

To  compensate  for  redundancy  at  tranaition,  it  ia  recommended 
that  atiffenera  (0.062  in.)  be  added  to  both  aidea  of  the  frame. 

These  would  appear  on  the  aidea  of  the  fork  connection.  In 
conjunction,  the  cutout  of  the  fork  ahould  be  made  larger  in 
order  to  atabilize  and  diminish  the  load  path  on  the  skin  and 
stringer. 

Since  bolts  rather  than  rivets  are  to  be  used,  backup  stiffeners 
will  be  required  in  the  vicinity  of  the  cutout. 

Collars  (4)  located  on  hooks  will  stabilize  some  of  the  com¬ 
pressive  load  at  tranaition,  but  additional  stiffeners  will  be 
added. 

CAPSTAN  BEAM  ASSEMBLY 

Capstan  Beam  (Part  No.  SK17542)  (Reference  Figure  141) 

.  — ' 

i 

Each  capstan  beam  with  its  varying  cross  sections  ia  supported 
by  two  bearings  located  at  the  ends  of  the  beam.  Both  bearings 
can  cope  with  longitudinal,  lateral,  and  vertical  loads.  An 
exception  to  this  ia  the  forward  bearing  which  cannot  accommo-  « 

date  longitudinal  loads  (or  thrust).  See  Figures  128  and  129. 

The  capstan  beam  channel  sections  are  constructed  from  2024-ST 
aluminum  extrusions.  Bending  stresses  attributed  to  Condition 
3B  provided  an  ample  MS  for  the  channel  sections. 
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Beam  Assy 

SK  17542 

A 

A 


Figure  141,  Capstan  Load  Location,  Schematic 
Diagram. 
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-  86.75 


FVd  Brg 


Ps  =  Preload  in  Rope  200  lb 
W  *  12.75  Rad/Min 


Figure  142.  Drum  Locations,  Schematic  Diagram. 
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i/mui 


p  "  (Fx2  +  fy2  +  ri2)H 


Let  0X  *  60° 

«  30*  (0.50) 2  +  (0*866) 2  +  co*2  ez  -  1 

1  +  CO120Z  ■  1 

cos  ez  *  0 
0^  -  90* 

px  *  Fco*0x  ■  0.50  P 

Py  ■  pco*0y  *  0.866  F 

Fz  “  Fco*0z  *  ® 

Figure  143.  Capstan  Load*. 
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Side  View 


Front  View 


ex  -  ±30° 
Vertical  *  0.866  F 
Horizontal  ■  0.500  F 


ey  -  ±30° 
Vertical  *  0.866  F 
Horizontal  ■  0.500  F 


Figure  144.  Capstan  Loads  -  30  Degrees. 
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i 


.056  .750  .195  4.5  .195  93.75  (Cabin Load) 

1111  11 


851.442 


EMR,  -  0 

18.65  (0.056)  +  46.9  (0.195)  +  43.38  (0.75)  +  63.5  (4.5)  + 

67.65  (0.195)  +  77  (93.75)  +  15  -  86.75  R 

Ra  «  87.325  A 

Rp  -  12.121 

Ha  -  0.75 
EW  -  99.446 

Pigura  145.  Symmatrical  Loading  with  Maximum  CG 

Traval  -  Condition  IB. 
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Shear  (K) 


Moment  (In-K) 


t  MRp  -  0 

18.65  (0.056)  +  46.9  (0.195)  +  43.38  (0.75)  +  63.5  (4.5)  + 

67.65  (0.195)  +  77  (81.19)  +  15  -  86.75  TC 

RA  *  76.18k 
Rp  -  10.72* 

Ha  *  0.750* 

EW  -  86.896* 


Figure  146.  Lateral  Sway  -  30  Degrees  -  Condition  2B, 


1209. 5"** 


Load  (K) 


ji.lL5.?,  24. 599 


23.659 

_  1  ..-3 

1 _ 

62.23 

Shear  (X) 


EMRp  ■  0 

18.65  (0.056)  +  46.9  (0.195)  +  43.38  (0.75)  +  63.5  (4.5) 
+  67.65  (0.195)  +  77  (81.19)  -1209.5  +  15  -  86.75  R. 

RA  -  62.23**  A 
RF  *  24.655** 

Ha  «  47.63** 

EW  -  86.886** 

Figure  147.  Longitudinal  Sway  -  30  Degrees ,  Forward 

Condition  3B. 
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Figure  150 .  Capstan  Winch,  Condition  3B,  Schematic  Diagram. 
Values  for  Sec  ion  A-A  (Figure  149 ) 

a  «  9.625  tx  -  0.40 
b  =  12.50  t  j  *  0.25 
c  -  2.00  l  •  2.00 
d  -  11.50 


TABLE  XVIII 

Ft 

iCTORS  / 

LND  VAL1 

UES  OF  S 

ECTION  A-/ 

OF  DRAWIb 

IG  SK  11 

'542 

B 

— 

— 

z 

Az 

A  ^ 

Az 

Io 

U 

2.00 

0.400 

0.800 

2.075 

1.6600 

3.4445 

0.011 

3.456 

0.25 

8.825 

2.206 

6.488 

14.3125 

92.8595 

14.310 

107. 16S 

2.00 

0.400 

0.800 

11.30 

9.0400 

102.1521 

0.011 

102.163 

2.00 

0.400 

0.800 

0.200 

0.1600 

0.032 

0.011 

0.043 

5 

0.25 

10.70 

2.675 

5.750 

15.3813 

88.4424 

25.512 

113.954 

6 

2.00 

0.400 

0.800 

11.30 

9.0400 

102.154 

0.011 

102.163 

I 

_ 

— 

— 

8.081 

— 

49.5938 

— 

— 

428.948 

y  ■  AZ/IA  ■  6.137  in. 

iyy  -  !y  -  A^2  -  428.948  -  (6.137)"2  (8.081)  «  124.596 
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(Figure  149!) 


(29.4)  +  0.5  -  14.70 

c  ■  2.00 

d/z  -  14.70 
ti  ■  0.40 


t2  -  0.25 
b  -  12.50 


19.10 


TABLE  XIX 

FACTORS.  AND  VALUES  OF  SECTION  B-B  OF  DRAWING  SK17542 


Item 


3&6  2.00  0.4 

2&5  0.25  14.3 


♦Doubled 


14.50  23.200  336.400  0.022  336.422 

7.15  51.123  365.529  121.794  487.32 

823.742 


y  -  14.70 


I,-.  -  2(823.742)  -  1647.484 
A  -  17.50 


Values  for  Section  C-C  (Figure  149) 
a/z  -  d/z  -  0.5  (24.40)  -  12.20 

b  *  12.50 
c  ■  2.00 


tx  -  0.40 

t2  -  0.25 

l  -  39.85 


TABLE  XX 

FACTORS  AND  VALUES  OF  SECTION  C-C  OF  DRAWING  SK17542 


Item 


3&6  2.00  0.400  1.6 

2&5  0.25  11.80  5.9 

2  —  —  7.5 


♦Doubled 


12.00  |  19. 200  230.400  0.022  230.422 

34.810  205.379  68.432  273.811 

504.233 


12.20 


1008.466 

15.00 


Values  for  Section  D-D  (Figure  149) 

a/z  -  d/z  =  0.5  (15.25)  =  7.625 

c  =  2.00 

d  -  13.625 


0.40 

0.25 

59.85 
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FACTO 

RS  AND 

VALUEi 

TJ 

OF  SE 

tBLE  XX. 

CTION  D 

r 

-D  OF  DF 

(AWING  8F 

[17542 

Item 

B 

D 

n 

z 

M 

*0 

mm 

3&G 

2&5 

E 

2.00 

0.25 

.400 

7.225 

1.600 

3.613 

5.213 

7.425 

3.613 

11.880 

13.054 

88.209 

47.164 

.022 

15.708 

88.231 

62.872 

151.103 

y  -  7.625  I  -  302,206 

A  -  10.416 


Value*  for  Section  E-E  (figure  149) 


a/z  •  d/z  -  0.5  (16.40  ■  8.20  tj.  ■  0.40 

c  ■  2.00  t2  ■  0.25 

b  -  13.625  l  -  68.10 


FACTO 

RS  AND 

VALUES 

TA] 
OF  SEC 

BLE  XXI] 

:tion  e-i 

r- 

]  OF  DRAW! 

:NG  SK175 

>42 

Item 

■a 

mm 

A 

z 

A  z 

MEM 

lo 

3&6 

2&5 

l 

2.00 

0.25 

0.400 

7.80 

1.600 

3.900 

5.5 

HI 

WSM 

12.800 

15.210 

102.400 

59.319 

0.022 

19.766 

102.422 

79.085 

181.507 

y  *  8.20  I  -  363.014 

A  *  11.00 

Values  for  Section  F-F  (Figure  149) 


a/z  =  d/z  *  0.5  (10.25)  *  5-125  t,  -  0.40 

b  =  12.625  t2  =  0.25 

c  -  2.00  l  -  84.95 


TABLE  XXIII 

FACTORS  AND  VALUES  OF  SECTION  F-F  OF  DRAWING  SK17542 

Item 

m 

h 

A 

z 

mm 

Az2 

*0 

h 

3&6 

2&5 

£ 

2.00 

0.25 

0.400 

4.725 

1.600 

2.362 

3.962 

4.925 

2.363 

7.880 

5.496 

38.809 

12.987 

mm 

0.022 

4.394 

38.831 

17.381 

56.212 

y  =  5.125  I  =  112.424 

A  ■  7.925 
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I 


Capstan  Frame  Stress  (Ultimate) 


Conditions  s 

Multipoint  lift  (Condition  3B) 
Longitudinal  sway  -  30°  aft  > 
Material  -  2024-T4  extrusion 
Ptu  -  57  Ksi 
Pty  -  42  Ksi 


TABLE  XXIV 

FAC' 

TORS  AMD  V 

rALUES  OF  C 

APS TAM  BE 

AM 

Section 

X 

z 

”  I/O  ~ 

M 

2  a 

(in.) 

(in.) 

(in. *) 

(in. 3) 

(K  in.) 

Ksi 

A -A 

2.0 

6.14 

124.6 

20.3 

124.5 

11.9* 

£  Cable 

9.75 

10.0 

600.0 

60.0 

1816.5 

36.2* 

B-B 

19.10 

14.70 

1647.5 

112.0 

1639.2 

14.6 

C-C 

39.85 

12.20 

1008.0 

81.7 

1167.1 

14.3 

59.85 

7.625 

302.2 

39.6 

677.9 

E-E 

68.10 

8.20 

363.0 

44.2 

474.8 

F-F 

84.95 

5.13 

112.4 

21.8 

44.4 

2.0 

MS  *  Mc/l  +  P/A 


MS  -  (57/36.2)  -1  -  0.57 
Capstan  Beam  Optimization 


TABLE  XXV 

OPTIMIZED  FAC 

:tors  and  valt 

JES  OF  CAPS'] 

?AN  BEAM 

Section 

X 

M 

i/e. 

c 

I 

(in.) 

(K  in.) 

(in.3) 

(in.) 

(in.4) 

A -A 

2.00 

124.5 

2.30 

6.14 

14 

0  Cable 

9.75 

1816.5 

3.30 

10.0 

330 

B-B 

19.10 

1639.2 

29.7 

14.7 

435 

C-C 

39.85 

1167.1 

21.2 

12.2 

260 

D-D 

59.85 

677.9 

12.3 

7.63 

94 

E-E 

68.10 

474.8 

8.7 

8.20 

72 

F-F 

84.95 

44.4 

0.8 

5.13 

4.0 
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The  above  values  Indicate  the  desired  physical  properties  of 
SX17542  which  produce  a  stress  level  at  the  indicated  section 
that  is  equal  to  Ftu  for  the  critical  load  case  (Condition  3B) . 

CABLE  LOADS  AND  STRESSES  ON  LOADED  AMP  S1COMDMY  DRUMS 

The  vertical  load  on  the  rope  is  transmitted  to  the  loaded  and 
secondary  drums  by  friction  between  the  cable  and  the  drum. 

The  rope  has  7  wraps  on  the  loaded  drum  and  6  wraps  on  the 
secondary  drum.  As  the  rope  winds  around  the  drum,  the  rope 
load  is  reduced  by  frictional  reaction  forces.  This  relation¬ 
ship  can  be  analytically  described  by  the  following  equation 
and  sketch i 


where 

T  ,  T  are  rope  loads  (T„  >  T  ) . 
x  y  X  y 

f  is  the  coefficient  of  friction,  and 


3  is  the  wrap  angle. 

The  torque  values  on  the  loaded  and  secondary  drums  are  reacted 
by  the  winch  drive  system.  For  this  particular  mode  of  load 
transfert the  value  of  the  coefficient  of  friction  is  very 
critical.  If  the  coefficient  of  friction  is  below  0.125,  the 
rope  load  to  the  storage  drum  will  exceed  the  allowable  200 
pounds.  It  is  therefore  recommended  that  a  test  be  conducted 
using  oily  rope  to  substantiate  the  drum  system. 

Drum  rope  loads  for  4  different  coefficients  of  friction  are 
calculated  in  this  section.  Both  drums  are  checked  for  hoop 
compression  due  to  rope  loads  (f  *  0.125  assumed).  The  bear¬ 
ings,  located  inside  the  dr  vim,  will  prevent  the  drum  from 
buckling. 
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Loaded  Drum 


Figure  152.  Rope  Loads  on  Secondary  and  Loaded  Drums. 


Rope  loads  are  as  follows  for  a  coefficient  of  friction 
equal  to  0.125: 


T0 

■ 

93.75 

K 

T  7 

m 

7.37 

K 

T1 

* 

77.2 

K 

t8 

m 

4.98 

K 

t2 

= 

55.2 

K 

Tg 

m 

3.36 

K 

t3 

= 

35.2 

K 

T10 

m 

2.27 

K 

t4 

= 

23.8 

K 

T11 

m 

1.55 

K 

Tc 

= 

16.1 

K 

t12 

m 

1.05 

K 

T6 

= 

10.9 

K 

T13 

m 

0.75 

K 

rope 

load  will  be 

calculated 

for  4 

values  of  the  coeffi 

cient  of  friction  as  follows: 

% 


First  wrap 
Subsequent  wraps 
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001 
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Load 


Coefficient  of  Friction 

Figure  154.  Coefficient  of  Friction  vs  Rope  Load* 
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TABLE  XXVI 

ROPE  LOADS  FOR  FOUR  COEFFICIENTS  OF  FRICTION 


Rope  Rope  Loed  (K  Pounds) 

Identification  f  ■  0.10  f  ■  0.125  f  ■  0.20 


93.75 


89.0 


57.3 


42.6 


31.0 


22.6 


16.5 


12.0 


8.75 


6.38 


4.65 


3.40 


2.48 


1.81 


93.75 


77.2 


55.2 


35.2 


23.8 


16.1 


10.9 


7.37 


4.98 


3.36 


2.27 


1.55 


1.05 


0.71 


93.75 


68.4 


36.5 


19.5 


10.4 


5.54 


2.96 


1.58 


0.89 


0.474 


0.253 


0.135 


0.072 


0.0384 


-  0.30 


93.75 


58.5 


22.8 


8.88 


3.46 


1.345 


0.525 


0.204 


0.0795 


0.031 


0.0121 


0.0047 


0.00183 


0.000715 
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Side  View 


Figure  157.  Bellroouth 


Rope  Cutter 


BELIflOUTH  MOUNTING  (PART  MO.  SK17542) 

The  bellmou th  features  a  swivel  joint  which  allows  the  rope 
to  sway  in  a  longitudinal  direction  without  excessive  chafing. 

A  swaying  load,  however,  exerts  a  longitudinal  force  at  the 
bellmouth  joint.  The  bellmouth  analysis  examines  those  ele¬ 
ments  up  to  the  interface  with  the  capstan  beam.  Lateral  loads 
at  the  joint  are  not  considered,  as  the  capstan  beam  is  free  to 
roll  upon  its  supports. 

The  critical  condition  in  the  design  of  this  mounting  is  the 
longitudinal  sway.  Contingent  on  the  vertical  and  longitudinal 
loadings  from  Condition  3B,  sections  B-B  and  D-D  dominate  the 
overall  characteristics  of  the  attachment. 

Preliminary  analysis  of  the  mounting  indicates  that  ribbing  is 
essential  in  the  y-z  plane.  The  rib  thicknesses  can  vary  from 
0.250  at  the  box  section  to  0.125  at  the  tapered  end  of  the 
mounting  beam.  The  fitting  is  manufactured  from  an  aluminum 
alloy  high-strength  casting,  A21180-C355. 

Bellmouth  Analysis 

Two  classifications  of  moment  distribution  exist  in  the  analy¬ 
sis  of  the  bellmouth  mountings 

1.  Overall  bending  moments  which  are  a  function  of 
beaming  loads  where  moments  exist  only  at  segments 
along  the  local  span  length  of  the  beam. 

2.  Constant  bending  moments  that  result  also  in  beaming 
loads,  but  in  certain  planes  are  constant  along 

the  beam  span  and  therefore,  in  these  arbitrary 
planes,  are  classified  as  not  being  localized. 

Loads  existing  in  the  y-z  plane  (Mx)  and  in  the  x-y  plane  (Mz) 
provide  localized  moments  only  and  are  categorized  as  overall 
bending  moments  or  as  local  moments. 

Loads  generated  in  the  x-z  plane  provide  constant  bending  mo¬ 
ments  in  the  x-y  plane  or  in  the  y-z  plane  (My) . 
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Characteristics  of  the  bsllmouth  are  as  follows i 

NIL-A-21180C  high-strongth  castings 

Class  IB 

F«Si  B  1*5  1  ’• 

Casting  factor  ■  1.5 
Fitting  or  bsaring  factor  ■  1*25 
ULT  load  *  L.L.  x  F.8.  x  casting  factor  x  fitting 
factor 


PBRQ  UI/T 


o/b  -  1.5 
o/b  ■  2.0 


41  Xsi 
31  Ksi 

if  *  ' 

31  Ksi 
29  Ksi 


57  Ksi 
74  Ksi 


1 


,  ...  f 


PBRQ  YLD  50. Ksi". 

E  a  10#iP01Ksl ....... 

longitudinal  Swav  (Condition  3B) 


ULT 


±  Nc/ i  +  P/A 


where  F*  ■  41  Ksi 

*11 


NS 


ULT 


-1 


>  ' 


°ULT 

1  .  ft,,  -  «PM 
aULT 


l  i  oo  bonding  or  tension 


•u 


2  a 


ULT 


V  <■ 


\  . .  v  , 


°ULT  "  ptu/2  "20.5  Ksi  bonding  or  tension 
W.S.  ■  / 


NS 


ULT 


Ttu/ 


tULT 


-1  .m  0.50 
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I 


T*u  *  l*5  Tux« 
or 


tBLTk<8<"  29/i.5 


19.3  Kol  ihtu 


B  "  41/i.s  ■  27 • 3  K,i  oopprooolon 


oumv.s.  “  57/1.5  ’  38  K,i  bating 


NS  (tension  and  banding)  *•  1.0 
MS  (compression,  ahaa r,  or  baaring)  -  0.50 
rTOT^VTJ>  "  41/31  ■  1.33 
PuLr/Pyi d  “  ultimata  critaria 
ULT  -  1.5  x  1.5  x  L.L.  -  2.25  L.L. 

ULT  -  2.25  x  1.25  x  L.L.  -  2.82  L.L. 
Longitudinal  Sway  in  tha  x-r  Plana  (Condition  3B) 


Banding  and  tans ion: 


WCz  -  12.55  x  2.25/3.75  -  7.6K 
Wx  -46.80  x  0.60  -  28. IK 
Analysis  of  Saction  B-B,  (figure  157 ) 


My  ■  2.5  x  28.1  -  70.25K  in. 
P2  -  7.6K 

Analysis  of  one  lug  only. 


a 

a 


My  -  35.13K  in., 

4-  +_ 

"  1.65(2.9)2  2. 


15.8  Ksi 


Pz  -  3.8K 
3.8 

9  x  1.65 
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MS  -  20.5  -1  -  0.30 
15.8 

Section  must  msssurs  2.90  x  1.65. 
Analysis  of  Ssction  F-F  (Pigurs  157) 


/ 

Figure  159.  Section  F-F  of  Drawing  SK17542. 
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TABLE  XXVII 

FACTORS  AMD  VALOIS  OF  SECTION  F-F  IN  X  AXlS(Fig.  15771 


Item 

b 

m 

A 

X 

Ax 

*0 

h 

1 

0.750 

4.30 

3.225 

5.10 

16.448 

83.885 

4.968 

88.853 

2 

0.750 

4.30 

3.225 

5.10 

16.448 

83.885 

4.968 

88.853 

3 

5.50 

0.50 

2.750 

5.35 

14.713 

78.715 

0.057 

78.772 

4 

0.50 

4.60 

2.300 

2.80 

6.440 

18.032 

4.056 

22.088 

5 

0.50 

4.60 

2.300 

2.80 

6.440 

18.032 

4.056 

22.088 

6 

5.50 

0.50 

2.750 

0.25 

0.688 

0.172 

0.057 

0.229 

£ 

- 

- 

16.550 

- 

61.177 

- 

- 

300.883 

x  m  3*696  in. 

Iy  -  300.883  -  (16.55) (3. 696)2  -  74.804  in.4 


FACTORS 

TABLE 

UBS  OF 

ton nr 

SECTION 

F-F  IN 

y  AXIS  ( 

Pig. 157) 

22 

b 

h 

A 

y 

Ay 

Ay2 

lo 

lx 

n 

4.30 

0.75 

3.225 

.375 

1.2094 

0.454 

0.151 

0.605 

B 

4.30 

0.75 

3.225 

1.625 

5.2406 

8.5160 

0.151 

8.667 

n 

0.50 

5.50 

2.750 

4.75 

13.0625 

62.0469 

6.932 

68.979 

4.60 

0.50 

2.300 

5.10 

11.7300 

59.8230 

0.048 

59.871 

5 

4.60 

0.50 

2.300 

7.35 

16.9050 

124  .  25  18 

0.048 

124.299 

6 

0.50 

5.50 

2.750 

4.75 

13.0625 

62.0468 

6.932 

68.979 

£ 

- 

- 

16.550 

- 

61.2100 

- 

- 

331.400 

y 

■  3.698  in. 

-  331.40  - 

16.55(3 

.698) 2 

-  105.075 
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2&X? 

Ix-1 


Tan  2  4 
Tan  2# 


186.223 

186.223  -  16.55  (3.698  x  3.696) 


105.075  -  74.804 


-39.979 
2  X2SY. 

Iy  -  IX 
-2.6414 

-69*  16' 

-34*  38' 


2 

Iy  cos  4  +  ix  sin24  "2  *xy  ■in*  co«4 

J  2 

Iy  sin*4  +  Ix  cos  4+2  Ixy  sin4  COS4 
74.804  (0.8228)2  +  105.075  (0.5683)2  - 
2 (-39. 979)  (0.8228  x  0.5683) 

121.952 

74.804  (0.5683)2  ♦  105.075  (0.8228)2  +  (-37.388) 
57.891 


*yp 


Hyp  -  My_Cos4 
Mxp  -  Hy8ln4 


Figure  160.  Loading  Coordinate  System  for  Section  F-F. 
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anew  m 

■■  «— — »  •■•'•-■■  - - - - - - - - 


Wcc  »  7.6  K 

Wx  -  28.1  X 

M  -  28.1  x  4.5  +  7.6  (2.05)  -  131.4  X  In. 

Myp  -  121.4  (0.823)  -  108  X  In. 

Mxp  -  131.4  (0.568)  -  75  X  in. 

a  .  XQ8  (fltgO)  +  75  (5.3) 

121.952  57.891 

9  -  7.54  K»i 

9  -  7.6/16.55  -  0.46  Ksi 
£9  ■  8.00  Ksi 
MS  -  -  1  -  1.56 

The  section  can  be  reduced;  use  ribs  at  0.25  inch  rather  than 
0.50  inch. 

Analysis  of  Section  D-D  (F*9ure  157) 

Overall  length  *  11  in. 

My  »  28.1  x  9  +  7.6  x  5  -  291  K  in. 

a  .  - §-1291)  +  - - 

2  (0.75)  (8) *  2  (0.75)  x  8 

a  -  18.2  +  0.63  *  18.83  Ksi 


or 


Overall  length  *  12  in. 


M 

o 


M  S 


28.1  x  9  +  7.6  x  5.8  ■  296  K  in. 


6  (296) 


2  (0.60) (9.5)2 
20.5 
16.2 


-  1  -  0.26 


16.2  Ksi 


Use  12-inch  overall  length  and  0.60-inch  gage. 


TABLE  XXIX 

FACTORS  AND  VALUES  OF  SECTION  H-H  IN  z  AXIS 


Item!  b  h  A  z  Az  Az*  I  I 


1  0.50  4.40  2.20  2.20  4.84  10.648  3.550  14.198 

2  4.60  0.50  2.30  3.10  7.13  22.103  -  22.103 

3  0.50  4.40  2.20  2.20  4.84  10.648  3.550  14.198 

4  2.90  0.50  1.45  3.10  4.495  13.935  -  13.935 

5  0.50  5.50  2.75  2.20  6.05  13.310  6.932  20.242 

6  0.60  0.50  0.30  0.60  0.18  0.108  -  0.108 


4.60  0.50  2.30  0.60  1.38  0.828  -  0.828 

13.50  -  28.915  -  -  85.612 


z  -  2.143  in. 

Ix  *  85.612  -  (13.50)  (2.142) 2  -  23.674  in.  4 
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TABLE  XXX 

FACTORS  AMD  VALUES  Of  SECTION  H-H  IN  x  AXIS 


It  am 

m 

h 

A 

X 

ESI 

mm 

H 

4.40 

0.50 

2.20 

0.250 

0.550 

0.138 

m 

0.688 

mm 

0.50 

4.60 

2.30 

2.90 

6.670 

19.343 

23.399 

Bfl 

4.40 

BS3 

2.20 

5.40 

11.880 

64.152 

0.55 

64.702 

n 

ESa 

1.45 

7.10 

10.295 

73.095 

1,016 

74.111 

5 

m 

ECS 

2.75 

8.05 

22.138 

178.211 

- 

178.211 

6 

BEl 

0.60 

0.30 

5.90 

1.770 

10.443 

-  ■ 

10.443 

0.50 

4.60 

2.30 

2.90 

19.343 

4.05$ 

- 

- 

13.50 

- 

59.973 

- 

- 

374.953  | 

8 

I* 

ZAxy 


4.442  in. 

374.953  -  (13.50)  (4.442) 2  -  108.58  in.4 
133.705 


Tan  2^ 


Tan  2+ 


Axy  -  AxZ  ■  133. 70S  -  128.449 
5.256 

1  buL  m  2 

I*  "  I*  84.91 
0.124 


24 


7°  4* 


IxP 

JxP 


*xP 

IzP 

XZP 


3°  32' 

lx  cos2 4  +  Iz  ain24  -  2  Ixz  sin4  cos4 
23.674  (0.998) 2  +  108.58  (0.0616)2  -  2  (5.256) 
(0.998)  (0.0616) 

23.345 

-2-2  - 

lx  sin  4  +  Iz  cos  4  +  2  Ixz  sin4  cos4 

23.674  (0.0616)  +  108.58  (0.998)2  +  2  (5.256) 


(0.998)  (0.0616) 


* 


t 
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108.88 


Section  ribs  could  be  reduced  to  0.25  inch  from  0.50  inch 
are  required  in  the  area  for  stability  reasons. 

(Figure  158) 


Figure  162. 


Possible  Configuration  of  Section  K-K 
of  Drawing  SK17542. 


TABLE  XXXI 

FACTORS  AND  VALUES  OF  SECTION  K-K 


cut 


WMWfihtn; 


•*««.*»&**■  ‘  *r  -A*  itbiJiVMiMWNMf' 


Analyiil  of  Section  C-Cf»4mirii  153) 


Vertical  load  Wcz  is  reacted  through  the  bearings  into  the 


M  =  2.9  x  46.8  -  135  K  in.  . 

R2  *  12.55/2  x  2  =  3  K 
Rx  *  135/2  x  4  »  16.8  K 
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r 


% 


V 

PTMAX 

PTMAX 

PSMAX 

Ft* 

PT 

PS 

MS 


46.8/2  x  2  -  11.7 
8.4  +  (8.4’2  +  11. 7‘2) 

22.8  K 
14.4  K 

180  Ksi  *5-20  bolts 

26.8  K 
20.2  K 

^t£  -  1  -  0.17 

26.8 


Use  four  *5-20  bolts. 


Analysis  of  Section  D-D  (Figure  153) 


Assume  that  6  bolts  attach  the  bellmouth  fitting  to  the 
capstan  winch  side  frame. 
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i u*#  : r»'m  W»MhW*to,W±\<**t*Mst.  , .  ;****v.v.i/<M.av.  ,  mvmxmmm.. 


The 
I  * 

I  - 


*12  +  *22  +  £32  +  *42  +  £52  +  *62  *  241.74 


My  -  9.60  (12.55)  +  46.80  (9)  -  537  K  in. 

pn  “  My  *n/Zd2n 

P„  -  537  4/241.74  *  2.22  £_ 
n  n  n 

P1  -  2.22  x  10.35  -  22.98  K 

P2  -  0.807  (22.98)  -  18.54  K 

P3  -  0.614  (22.98)  -  14.10  K 

P4  *  0.418  (22.98)  «  9.01  K 

P5  *  0.226  (22.98)  *  5.19  K 

P6  -  0.032  (22.98)  *  0.74  K 

71.16  K  load  in  flange 


Shear  load  per  bolt  ■  46.8/6  =  7.45  K 
PT  *  11.49  +  (11. 49"2  +  7.45”2) ^ 

PT  -  25.1  K 
Pg  =  13.6  K 


f 
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MS  -  11*1  -  1  -  0.06 
25.1 

*5  -  20  180  Ksi  bolts  art 
critical  in  tension 

tallow  "  26 • 8  K* 


p 


Figure  166  .  side  Frame  Flange  (Longitudinal  Sway, 

Condition  3B). 
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1 :  ***** 


An.lv.1.  of  gift  DTI—  FlMta*  (continued) 

1.00  b  -  1.50  b/c  -  1.5 

25.1/1.5  -  16.7  K/ln.2 


*3 

Ahum  q 
MX 
My 
t2 
t 
t2 
t 

I£t 

a 

°V.L. 

°H.L. 

0tV.L. 

0tH.L. 


MS 


V.L. 


0.0842  0.  -  0.042 

5 

0.94  x  16.7  -  15.6  K/in.2 
0.0842  (15.6)  (l)2  -  1.32  in. -K/in. 

I 

0.042  (15.6)  (l)2  -  0.66  in. -K/ln. 

6(1. 32)/57  -0.140 

0.375  fraa  «nd#  horizontal  lag,  x  ■  a/2,  y  ■  b 

6  (0.66)/57  -  0.069 

0.265  vartical  lag,  x  ■  0,  y  ■  0 

0.70 

6  (0.66)/(l) 2  (0.700)  X  31.7/1  x  0.700 
51.2  Kai  vartical  lag 

6  (1.32)/  (0.40) 2  *  49.5  Kai  horizontal  lag 

0.700 

0.40 

-IL-  -  1  -  0.12 

51.2 
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a  «  1.00 
b  -  1.500 
Horizontal  leg  *  0.400 
Vertical  leg  -  0.700 
Gusset  ■  0.275 
Gusset  *1.50 

Gusset  size: 

x  «  0 

y  ®  b/2 

q  «  15.6  K/in.2 

B2  -  0.012 

My  *  0.012  (15.6)  (1) 2 
My  =  0.187  in. -K/in. 

Use  t  -  0.275. 

0  -  — §.(P.48,7Ji  + - 3LJ - 

1.5  (0. 275) 2  1.5  x  2  x  0.275 

a  =  48.10  Ksi 

MS  -  -JLL_  -  1  -  0.180 
48.2 
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Alt.  Stress  x  10* 


WINCH  DRIVE  SYSTEM  GEAR  ANALYSIS 


The  spur  stresses  were  computed  by  the  Boeing-Vertol  Program 
No.  503.  The  bevel  gear  stress  analysis  is  presented  in  this 
report.  All  gears  (spurs  and  bevels)  are  made  from  SAE  9310 
steel i  carburised  and  ground. 

The  calculated  spur  gear  endurance  stresses,  shown  in  Table 
XXXI l( were  compared  to  the  S-N  curve,  Figure  168,  to  establish 
the  number  of  allowable  operational  cycles  (Table  XXXIII) . 

The  minimum  design  value  curves  were  used. 

The  planet  gears  B,  E,  and  G  are  loaded  in  both  directions 
(reversed  tooth  bending)  during  the  hoisting  operation,  while 
the  remaining  gears  are  loaded  in  only  one  direction.  For  the 
gears  with  reversed  tooth  bending,  the  allowable  is  reduced 
as  shown  in  Figure  168. 


r  ~ 


S-N  Curve 


Figure  168.  Tooth  Bending  Stress  Case. 
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TABLE  XXXII 

DRIVE  SYSTEM  PEAR  SUMMARY 


G  •  a  r 

3  e  o  m 

e  t  r  y 

* 

Dp 

PD 

F 

Pressure 

N 

Pitch 

Diametral 

Face 

Angle 

NO.  Of 

Gear  Nam* 

Letter 

dia-in. 

Pitch 

in. 

degrees 

Teeth 

yk 

RPI 

First-stage 
ring  g*ar 

A 

13.25 

8 

2.25 

25 

106 

- 

12. ( 

First-stage 
planet  gear 
(idler) 
Firat-etage 

B 

4.50 

8 

2.25 

25 

36 

0.5275 

35.! 

aun  gear 

C 

4.25 

8 

2.25 

25 

34 

0.5248 

37.  < 

Second-stage 
ring  gear 

D 

9.00 

11 

1.625 

25 

99 

- 

0 

Second-atage 
planet  gear 

E 

2.910 

11 

1.625 

25 

32 

0.5062 

78.! 

Second-atage 
aun  gear 

F 

3.180 

11 

1.625 

25 

35 

0.5143 

144.  C 

Third-atage 
ring  gear 

D 

9.00 

11 

0.875 

25 

99 

- 

0 

Third-atage 
planet  gear 

G 

3.64 

11 

0.875 

25 

40 

0.5162 

212. ( 

Third-stage 
sun  gear 

H 

1.73 

11 

0.875 

25 

19 

0.4518 

894.  ( 

Clutch 

I 

6.00 

11 

0.625 

25 

66 

0.5713 

894. ( 

gears 

J 

6.00 

11 

0.625 

25 

66 

0.5713 

894.  ( 

Bevel 

pressure 

J-0.210 

gear 

K 

5.500 

6 

0.900 

angle 

64 

from 

894.  ( 

Bevel 

■  20 
spiral 
angle 

28 

Gleason 

Manual 

pinion 

L 

2.500 

6 

0.900 

■  15 

1965. ( 

H.K. «.  wr#My>  w  ->  >  k 
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TABLE  X 
DRIVE  SYSTEM  GEAR  SUMMARY 


Endurance 


N 

NO.  of 
Teeth 

yk 

RPM 

Pitch 

Line 

Velocity 

ft/min 

Torque 
in. -lb 

wt 

lb 

— si — 

Tension 

Stress 

psi 

Sc 

Herts 

Stress 

106 

- 

12.05 

41.8 

238,000 

8970 

planet 

critical 

36 

0.5275 

35.5 

41.8 

- 

8970 

60,400 

222,000 

34 

0.5248 

37.6 

41.8 

76,280 

8970 

60,700 

222,000 

99 

- 

0 

0 

56,200 

3130 

planet 

• 

critical 

!  32 

0.5062 

78.8 

120.0 

- 

3130 

41,800 

183,000 

35 

0.5143 

144.0 

120.0 

19, 900 

3130 

41,200 

183,000 

99 

- 

0 

0 

22,400 

1240 

planet 

critical 

40 

0.5162 

212.0 

405.0 

- 

1240 

30,200 

178,000 

19 

0.4518 

894.0 

405.0 

3210 

1240 

34,500 

178,000 

66 

0.5713 

894.0 

1400.0 

3210 

1070 

32,960 

128,000 

66 

0.5713 

894.0 

1400.0 

3210 

1070 

32,960 

128,000 

64 

J=0.210 

from 

894.0 

1290.0 

3210 

1170 

pinion 

critical 

210,000 

28 

Gleason 

Manual 

1965.0 

1290.0 

1460 

1170 

26,100 

210,000 

(0 

4J 

4) 

S 

H 

0. 

m 


u 

•H 

•P 


3 


Q> 

> 

•H 


£ 

§ 

O 


>1 

CO 


.c 

fl 

•H 


OS 

SO 


0) 

u 


•H 

h 
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TABLE  mm 

DRIVE  SYSTEM  GEAR  OPERATIONAL  CYCLE  DATA 


'«*  Number  of 
Tooth  Loads 

Number  of  allows] 
operational  cycli 
based  ont  _ 1 

*n*  Per 
One 
Drum 

V  Per 
3600 
Operatic 

n  Tension 

Herts 

Ultimate 

Tension 

Stress 

M.S. 

Ultimate 

Gear 

Rev 

Cycles 

Stress 

Stress 

*e-55  Min 

Letter 

Cycles 

x  10“6 

Cycles 

Cycles 

psi  Ftu"304, 000  psi  | 

A 

1.0 

0.087 

- 

plar 

— 

let  crii 

;ical 

B 

5.55 

*  » 

0.0482 

5230 

>22,400 

226,000 

0.35 

c 

12.5 

0.109 

33,000 

>22,400 

228,000 

0.33 

D 

12.5 

1.09 

- 

plar 

et  crii 

:ical 

E 

19.2 

1.67 

3880* 

>22,400 

157,000 

0.94 

P 

35.2 

3.06 

infinite 

22,400 

154,000 

0.97 

D 

35.8 

3.12 

- 

plan 

let  crii 

:ical 

G 

59.2 

5.15 

infinite 

>22,200 

113,000 

1.69 

H 

187.0 

16.30 

infinite 

8840 

129,000 

1.36 

I 

74.2 

6.45 

infinite 

22,400 

124,000 

1.45 

J 

74.2 

6.45 

infinite 

22,400 

124,000 

1.45 

K 

74.2 

6.45 

infinite 

8930 

pinior 

i  critical 

L 

163.0 

14.20 

infinite 

4060* 

98,000 

2.10  ! 

^Minimum  values  (3600  cycles  is  the  design  objective) 
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Ultimate 


v 


TABLE  XXXIV 

DRIVE  SYSTEM  BACKSTOP  GEAR  DATA 


Gear  Name 

Backstop 

Gear 

Backstop 

Pinion 

Letter 

M 

N 

Dp  Pitch  Dia^  in. 

12.25 

5.125 

> 1 

F 

PD  Diametral  Pitch 

8 

8 

s 

F  Face 

1.00 

1.00 

* 

0  Pressure  Angle,  degrees 

25 

25 

I 

N  No.  of  Teeth 

98 

41 

yK 

0.5908 

0.5550 

•0 

(0 

ft 

Torque,  in. -lb 

3210 

1343 

3 

Wt,lb 

523 

523 

O' 

w 

• 

H 

St  Tension  Stress, psi 

7096 

7555 

Sc  Hertz  Stress,  psi 

61,930 

61,930 

0 

4J 

id 

Ultimate  Tension  Stress, 

26,600 

26,600 

S 

4J 

ftu  P"1 

•H 

D 

M.S.  Ultimate 

10.4 

10.4 

NOTES:  1.  These  gears  are  not  part  of  the  drive  system; 

therefore,  they  are  not  considered  in  the 
endurance  analysis. 

2.  Ft  -  304,000  psi 
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Stress  Repetitions 


Ref  t  4 


180  200 
Figure  170 


250  300  350  400  450 

Hertz  Stress  "Sc  -  PSI  x  103 
Transmission  Gear  Life  -  Surface  Fatigue. 
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The  endurance  limit  for  a  baval  gaar  ia  20,000  pai  (55-03  Rc 
casa  oarburicad)  • 

The  ealculatad  spur  and  harts  stresses,  shown  in  Tabla  XXXIX, 
ara  compared  to  Figura  166  to  obtain  tha  number  of  allowable 
oparational  cyclas.  Tha  bottom  of  tha  scatter  curve  is  usad. 
t  Tha  following  aquations  wars  usad  to  calculate  gaar  tooth 

strass  rapatitions  for  tha  planatary  gaar  systamst 

sun  gaar  load  cyclas  - 

(no.  of  planats)  (sun  rpn  ralativa  to  planat  carrier  rpn) 

ring  gaar  load  cyclas  - 

(no.  of  planats)  (planat  carrier  rpn) 


planat  gaar  load  cyclas  ■ 

2  x  (planat  rpn  ralativa  to  tha  planat  carrier) 

Spiral  Baval  Gaar  Data  (Gaar  Latter s  K  and  LI 


Figure  171. 


nk 


3210  Iiv-Lbs 
Spiral  Bevel  Gears  (K  +  L), 


Ratio  -  2.2:1 

Gear  pitch  diameter  *  5.500 
Pinion  pitch  diameter  ■  2.500 
Np  *  15  teeth 
Nq  ■  33  teeth 

n  15 

PD  *  13  “  6,0 
Face  ■  0.900  in. 

WT  -  1460/1.25  ■  1170  lb 
Shaft  angle  *90° 

Pressure  angle  *  20° 

Spiral  angle  -  35° 
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Hertz  stress 

S 

where 

*  X •  10 
IG  -  0.11 

sc  *  2800 

Sc  «  2800  £600  -  210,000  psi 


♦ 


The  allowable  number  of  stress  repetitions  at  Sc  *  210,000  psi 
equals  16  x  10+^. 
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Number  of  stress  repetitions  for  3600  operational 
oyclaa  is  14.2  x  10+g. 

Allowable  number  of  operational  cycles 

*  (3600)  -  4060 
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The  following  sample  procurement  ■pacifications  D8-0691  and 
D8-0692  hava  baan  includad  aa  guides,  and  it  la  not  intandad 
that  thay  ba  construed  to  ba  apacificationa  for  tha  final 
system.  Baaad  on  apacificationa  uaad  for  similar  airborna 
equipment,  tha  guida  apacificationa  anconpass  tha  minimum 
elements  conaidarad  nacaaaary  to  guarantaa  raquirad  ayatam 
parformanca.  Structural  daaign  criteria  (aaa  paragraph  5.2 
in  D8-0691  and  D8-0692  in  this  report)  are  not  conaidarad 
complete  without  including  tha  flight  caaaa  covered  in  tha 
Stress  Analysis  section  of  this  report.  Tha  parformanca  ob¬ 
jective,  of  tha  contractual  work  statement,  specif iaa  only  a 
vertical  lift  capacity;  it  does  not  refer  to  load  swinging 
caaaa  or  drag  acting  on  load.  Tha  load  swinging  criterion 
uaad  in  this  report  ia  a  30-degree  cone  which  ia  specified  in 
7.A.R.  Document  133  (Federal  Airworthiness  Requiresmnts)  • 

Tha  winch  duty  cycle  has  baan  based  on  a  60-foot  lift  height, 
whereas  tha  daaign  lift  height  ia  150  feat.  Thirty-six 
hundred  duty  cycles  at  150- foot  lift  height  are  conaidarad 
to  ba  unrealistic,  since  in  a  given  ayatam  life  tha  number  of 
missions  utilizing  tha  150- foot  capability  are  estimated  to 
be  leaa  than  10  percent  and  the  number  of  lifts  at  maximum 
capacity  are  estimated  to  be  leaa  than  60  percent  of  the  total 
missions  flown.  A  duty  cycle  using  60  feet  at  a  load  of 
24,500  pounds  ±  500  pounds  per  winch  is  considered  to  ba 
conservative . 
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D8-0691 


PROCUREMENT  SPECIFICATION , 
BEAM  ASSEMBLY  AND  RELEASE  UNIT, 
20-TON  HOIST  SYSTEM 


THE  BOEING  COMPANY 
VERTOL  DIVISION 
MORTON,  PA. 


«.  -  >.357 


rftr-ii  viWr .»*■; 


wmii&vwxmmirr***  f  ■&mm**v*m*i 


1.0  PURP08E 

1.1  This  spscifiostion  dsfinss  ths  requirements  for  ths 
design,  manufacture  and  testing  of  a  beam  assembly  and 
unit  to  be  used  in  a  two-winch,  tiro-suspension 
rope  hoist  system  which  will  be  fitted  to  a  helicopter 
for  the  purpose  of  lifting,  lowering  and  transporting 
materiel  externally. 


2.0  REFERENCES 


2.1  The  reference*  listed  below  constitute  a  part  of  this 

specification.  In  case  of  discrepancies  between  specific 
requirements  of  the  specification  and  these  references, 
the  requirements  of  this  specification  shall  govern. 

SPECIFICATIONS 

Military 

MIL-S-5002  Surface  Treatments  (Except  Priming  and 

Painting)  for  Metal  and  Metal  Parts  in 
Aircraft 


MIL-B-5087 

MIL-C-6021 

MIL-D-70327 

MIL-L-6880 


Bonding,  Electrical  (For  Aircraft) 

Castings,  Aircraft  Structure,  General 
Specification 

Drawings,  Engineering  and  Associated  Lists 

Lubrication  of  Aircraft,  General  Specifi¬ 
cation  for 


MIL-P-6906  Plates,  Information  and  Identification 


MIL-E-7080  Electric  Equipment,  Piloted  Aircraft 

Installation  and  Selection  of.  General 
Specification  for 

MIL-S-7742  Screw  Threads,  Standard,  Aeronautical 


MIL-I-8500  Interchangeability  and  Replaceability, 

Component  Parts  for  Aircraft  and  Missiles 

MIL-D-8513  Drawings  and  Data  Lists,  Preparation  of 

Special  Support  Equipment  for  Aeronautical 
and  Associated  Equipment 


MIL-T-9107  Test  Reports,  Preparation  of 

MIL-C-5424  Cable,  Steel  (Corrosion  Resisting) , 

Flexible,  Preformed  (For  Aeronautical  Use) 

MIL-Q-9858  Quality  Control  System  Requirement 
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MXL-M-9868 

MIL-E-5272 


SK  17541 


Microfilming  of  Engineering  Documents , 

35mm,  Requirements  for 

i 

Environmental  Testing,  Aeronautical  and 
Associated  Equipment,  General  Specification 
for 

Standards 


Format  for  Production  Drawings 

Identification  Marking  of  U.S.  Military 
Property 

Electric  Power,  Aircraft,  Characteristics 
and  Utilization  of 

Safety  Wiring,  General  Practices  for 
Metals,  Definition  of  Dissimilar 


Nuts  and  Plate  Nuts,  Self -Locking, 
Functional  Limitations  of 

Publications 

Strength  of  Metal  Aircraft  Elements 
Material  and  Process  Specification 


*  Aeronautical  Bulletin 

Specifications  and  Standards  -  Use  of 

Specification  and  Standards  of  Non-Govern¬ 
ment  Organizations 


Drawim 


Division 


Component  Relationship,  20  Ton  Hoist  System 
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SX  17544  Beam  and  Hook  Assembly 

SK  17543  Release  Unit 
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3.0 


DEFINITIONS 


3.1  The  beam  assembly  and  release  unit  referred  to  shall 
consist  of  two  mechanically  actuated  cargo  hooks  secured 
to  the  ends  of  a  hollow  beam.  The  beam  shall  provide 
the  housing  for  an  electromechanical  release  system  and 
all  necessary  components  to  fulfill  the  detail  require¬ 
ments  specified  in  paragraph  4.0  of  this  specification. 

The  release  unit  referred  to  shall  consist  of  a  drum 
for  electromechanical  cable  storage  and  all  the  necessary 
components  to  fulfill  the  detail  requirements  specified 
in  paragraph  4.0  of  this  specification. 

3.2  Life  -  The  beam  assembly  and  release  unit  shall  have  a 
minimum  service  life  of  1200  cycles  before  removal  or 
overhaul  and  3600  cycles  before  retirement. 

3.2.1  Duty  Cycle  -  One  complete  cycle  shall  consist  of 

a.  Reel  out  60  feet,  release  hooks  electrically  with 
each  hook  loaded  to  24,500  +500  pounds,  recock 
hooks,  reload  each  hook  to  24,500  +500  pounds,  reel 
in  60  feet. 

Note:  The  testing  of  the  beam  assembly  and  release 
unit  shall  be  integrated  with  the  testing 
of  winches  procured  under  Procurement 
Specification  PS  D8-0692. 


t 


i 


362 


4.0 


DESCRIPTION 


4.1  Components  -  The  beam  assembly  and  release  unit  design 

shall  be  based  upon  the  preliminary  design  shown  on 

r  Drawing  SK  17544  consisting  of  the  following  components: 

a.  Beam  (SK  17544) 

b.  Hooks  (SK  17544) 

c.  Hook  Release  System  (SK  17544) 

d.  Release  Unit  (SK  17543) 

e.  Electrically  Actuated  Components 

f.  Electromechanical  Conductor  Cable 

4.1.1  Beam  -  The  beam  shall  consist  of  a  hollow  structure 
capable  of  housing,  internally,  the  hook  release 
mechanisms  and  shall  provide  a  suitable  base  at  each 
end  for  the  mounting  of  the  cargo  hooks.  Adequate 
access  shall  be  provided  to  ensure  inspection  or 
replacement  of  internal  components  of  the  hook  release 
system. 

4.1.2  Hooks  -  The  hooks  shall  be  of  a  mechanical  release  type. 
They  shall  be  oriented  as  shown  on  Drawing  SK  17544. 

The  hooks  shall  be  self  cocking  after  load  release 

and  shall  have  a  keeper  capable  of  retaining  the  load 
slings  with  the  sling  oriented  at  an  angle  of  60° 
from  the  vertical  center  line  of  the  hook  throat, 
without  imposing  any  damage  to  the  sling  through 
abrasive  action.  Independent  manual  release  shall  be 
provided  on  each  hook.  The  exposed  means  of  achieving 
the  release  function  shall  be  plainly  marked  so  as  to 
indicate  that  the  hook  release  has  been  reset.  Each 
hook  shall  have  a  switch  so  integrated  with  the 
internal  operating  linkage  that  it  shall  provide  a 
*  signal  to  indicate  to  the  pilot  and  crane  operator  the 

status  of  the  hook,  i.e.,  safe  or  unsafe.  The  hook 
operating  mechanism  shall  be  completely  housed  and 
shall  be  lubricated  during  assembly.  The  hooks  shall 
require  no  lubrication  during  their  service  life  (i.e., 
1200  cycles,  ref.  paragraph  3.2).  Any  components  which, 
if  they  should  fail  structurally,  would  result  in  the 
dropping  of  the  load  shall  be  subjected  to  a  100-per- 
cent  X-ray  examination  before  assembly  into  the  hook. 

Any  flaws,  inclusions  or  any  other  defects  considered 
to  impair  the  strength  or  fatigue  properties  of  the 
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material  shall  be  rejected. 

4.1.3  Hook  Release  System  -  The  hook  release  system  design 
shall  be  based  on  that  shown  in  Drawing  SK  17544, 
except  that  the  levered  arrangement  may  be  changed 
provided  the  design  requirements  of  paragraph  5  are 
fulfilled.  Adequate  adjustment  of  the  system  shall  be 
provided . 

4.1.4  Release  Unit  -  The  release  unit  shall  consist  of  the 
following  components : 

4. 1.4.1  Storage  Reel  -  The  storage  reel  shall  have  sufficient 
capacity  to  store  160  feet  of  electromechanical  cable 
having  a  diameter  not  less  than  1/2  inch. 

4. 1.4. 2  Torque  Motor  -  The  torque  motor  shall  be  electrically 
energized  and  shall  be  capable  of  maintaining  a  torque 
on  the  storage  reel  which  shall  maintain  a  tension 
load  at  the  drum  in  the  electromechanical  cable  of 
110  ±10  pounds  when  the  cable  is  deployed  out  150 
feet  and  shall  maintain  a  tension  load  in  the  cable 
of  50  ±5  pounds  at  the  drum  when  the  cable  is  fully 
reeled  in.  The  torque  motor  shall  be  provided  with 

a  brake  which  shall  be  automatically  applied  when 
the  torque  motor  is  de-energized.  The  brake  shall 
be  designed  to  slip  at  a  torque  which  is  equivalent 
to  a  cable  tension  of  50  15  pounds.  Adjustment  for 
the  brake  shall  be  provided  to  permit  adjustment 
during  qualification.  The  torque  motor  unit  shall  be 
a  sealed  unit  requiring  no  relubrication  during  its 
life  as  defined  in  paragraph  3.2. 

4. 1.4. 3  Emergency  Release  Motor  -  The  emergency  release  motor 
shall  be  a  mechanical  device  initiated  by  a  mechanical 
input  from  the  pilot  and/or  crane  operator  stations. 
Upon  initiation,  it  shall  be  capable  of  automatic 
positive  engagement  with  the  storage  reel;  after 
engagement,  it  shall  be  capable  of  inducing  suffi¬ 
cient  torque  t n  the  electromechanical  cable  so  as  to 
induce  a  tensile  load  into  the  cable  of  300  ±10 
pounds  under  all  lengths  of  cable  deployment,  i.e., 
with  cable  reel  empty  or  cable  reel  full.  The 
emergency  release  motor  shall  impart  a  minimum  of 

130  degrees  of  rotation  to  the  storage  reel.  The 
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emergency  release  motor  shall  have  sufficient 
energy  so  as  to  overcome  any  resistance  created  by 
the  torque  motor  brake,  4. 1.4. 2  above,  and  the 
inertia  device,  4. 1.4. 4  below.  The  emergency  release 
motor  shall  be  a  self-contained,  prelubricated, 
sealed  unit  requiring  no  relubrication  during  its 
life  as  defined  in  paragraph  3.2.  Re-energizing 
of  the  motor  after  use  shall  be  accomplished 
mechanically  using  standard  mechanics  tools  (i.e., 

r  square-ended  ratchet  socket  wrench) . 

4. 1.4. 4  Inerwia  Device  -  The  inertia  device  shall  be  mechan¬ 
ical  in  operation.  The  inertia  device  shall  lock 
out  automatically  when  subjected  to  a  velocity,  trans 
mitted  from  the  electromechanical  cable,  of  10  +2  ft 
per  sec.  The  lock-out  shall  be  positive  and  be 
capable  of  resisting  a  force  equivalent  to  a  tension 
of  300  ±  10  pounds  in  the  electromechanical  cable 
under  all  lengths  of  cable  deployment,  i.e.,  with 
cable  reel  empty  or  cable  reel  full.  The  inertia 
device  shall  be  a  self-contained,  pre lubricated, 
sealed  unit  requiring  no  relubrication  during  its 
life  as  defined  in  paragraph  3.2. 

4. 1.4. 5  Electromechanical  Control  Cable  -  The  electro¬ 
mechanical  control  cable  shall  comprise  a  stainless 
steel  center  cable,  3/32  inch  dia,  conforming  to 
MIL-C-5424 ;  fifteen  electrical  wires,  AN20  gauge, 
conforming  to  MIL-W-5086A,  type  II,  spirally  laid 
around  the  center  cable;  and  an  outer  jacket  of 
braided  fiber  glass  with  a  Teflon  (FEP)  filler. 

The  construction  of  the  cable  shall  be  similar  to 
MIL-C-27500  (USAF) .  The  complete  electromechanical 
conductor  cable  shall  not  exceed  0.5  inch  in  dia. 

<  An  electromechanical  disconnect  shall  be  provided  as 

near  as  is  practical  to  the  beam  to  facilitate 
removal  of  the  beam  from  the  hoist  system.  The 
disconnect  shall  be  capable  of  withstanding  the 
cable  tension  forces  defined  in  paragraph  4. 1.4. 4. 

4. 1.4. 6  Cable  Guide  and  Mounting  Provisions  -  Cable  guide  and 
mounting  provisions  shall  be  based  on  the  design 
shown  on  Drawing  SK  17543,  unless  otherwise  spec¬ 
ified  by  the  procuring  agency. 
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4. 1.4. 7  Antral  Provisions  -  All  exposed  moving  parts  of  tha 

completa  assembly  shall  be  suitably  encased  to 
exclude  foreign  objects.  The  electrical  slip-ring 
assembly  shall  be  encased  separately  so  as  to 
facilitate  inspection  of  the  slip-ring  assembly.  » 

The  encasement  of  the  slip-ring  assembly  shall  be 

such  that  exclusion  of  foreign  objects  including 

liquids  is  guaranteed.  Provision  for  single-point- 

mode  electrical  connection  shall  be  provided 

(reference  SK  17545) .  * 

4. 1.4. 8  Electrically  Actuated  Components  -  Electrical 
components  of  the  beam  assembly  and  release  unit 
shall  be  capable  of  being  operated  by  utilizing  28-V 
DC,  excepting  the  torque  motor,  which  shall  be 
200/115-V  AC,  3-phase,  400-cps.  Both  power  supplies 
shall  conform  to  MIL-STD-704. 
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5.0  DESIGN  REQUIREMENTS 

5.1  Mounting  -  The  beam  assembly  and  release  unit,  unless 
otherwise  specified,  shall  be  mounted  as  shown  on 
Drawing  SK  17541. 

5.2  Structural  Design  Criteria  -  The  beam  assembly  shall 
support  a  vertical  load  of  25,000  pounds  on  each  hook. 

The  beam  assembly  shall  be  also  designed  to  take  into 
consideration  the  conditions  resulting  from  the  integra¬ 
tion  of  the  two-point  system  into  a  single-point  mode. 

The  geometry  shown  on  Drawing  SK  17545  shall  be  used  to 
determine  the  system  single-point-mode  loading  using  a 
vertical  load  of  40,000  pounds  on  the  single  hook. 

The  above  loading  shall  be  subject  to  a  design  load 
factor  of  2.5g  a~d  a  safety  factor  of  1.5  ultimate 
unless  otherwise  specified  in  this  specification;  other 
safety  factors  and  allowable  loads  and  stresses  shall 
be  in  accordance  with  MIL-A-8629  (AER)  ,  para.  3.2.1. 
Additionally,  the  loading  cases  in  the  stress  analysis 
shown  in  this  report  shall  be  provided  for  to  the  extent 
specified  by  the  procuring  agency. 

5.3  Performance  -  The  beam  assembly  and  release  unit  shall 
be  capable  of  operating  after  exposure  to  the  following 
conditions : 

a.  Temperature  ranging  from  -65°  to  150°F. 

b.  Relative  humidity  up  to  100  percent 

c.  Sand  and  dust  encountered  in  desert  areas 

5.4  Vibration  -  The  beam  assembly  and  release  unit  shall  be 
capable  of  operating  after  being  subjected  to  vibrations 
specified  in  paragraph  6.3.5. 

5.5  Capacity  and  Capability  -  The  capacity  and  capability 
shall  be  as  given  in  paragraph  4.14. 

5.6  Life  -  The  beam  assembly  and  release  unit  shall  be 
designed  for  a  service  life  and  overhaul  period  as  defined 
in  paragraph  3.2. 

5.7  Weight  and  Dimensions  -  Weight  of  one  complete  beam 
assembly,  release  unit  and  160  feet  of  electromechanical 
cable  shall  not  exceed  240  pounds.  Physical  dimensions 
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5.8 

5.9 

5.10 

5.11 

5.12 
5.12. 

5.12. 

5.12. 


shall  not  exceed  thoss  shown  on  Drawings  SK  17544  and 
SK  17543  unlsss  othsrwlss  spscifisd. 

Elsctrlc  Wiring  and  Components  -  All  wiring  and  components 
shall  bs  sslsctsd  and  installsd  in  accordanos  with 
MZL-E-7080. 

Lubrication  -  Ths  bsam  assembly  and  rsleass  unit  shall 
incorporate  self-contained  lubrication  which  shall  be  in 
accordance  with  the  requirements  of  Specification 
MIL-L-6880  and  shall  be  suitable  for  use  under  all 
operating  environments  specified  herein. 

Screw  Threads  -  Screw  threads  shall  conform  to  require¬ 
ments  of  Specification  MIL-S-7742. 

Interchangeability  -  All  parts  having  the  same  part 
number  shall  be  dimensionally  and  functionally  inter¬ 
changeable  . 

Marking 

1  Identification  of  Product  -  Parts  shall  be  marked  in 
accordance  with  Standard  MIL-STD-130. .  Nameplates  in 
accordance  with  Specification  MIL-P-6906  shall  be 
affixed  to  the  components  with  the  following  infor¬ 
mation  etched,  engraved  or  otherwise  permanently 
printed: 

1.1  Beam  Assembly 
Serial  No. 

Vertol  Specification  No.  P.S. 

Stock  Number 

Manufacturer's  Identification 
Manufacturer's  Part  Number 
Contract  No . 

U.S. 

1.2  Release  Unit 


Serial  No. 

Vertol  Specification  No.  P.S. 
Stock  Number 


Manufacturer's  Identification 
Manufacturer's  Part  Number 
Contract  No . 
u.s. 

5.13  Instructions  -  Brief  operating  instructions ,  switch 
identification,  and  a  wiring  diagram  shall  be  permanently 
mounted  on  the  beam  assembly  and  release  unit  by  using 
metal  foil  or  metal  plate  type. 

5.14  Corrosion  Resistance  -  Metals  shall  be  chosen  for  their 
corrosion  resistance;  otherwise,  they  should  be  finished 
to  resist  corrosion. 

5.15  Finishes 

5.15.1  Surface  Finish  -  Surface  finishes  of  detail  parts 
shall  be  in  accordance  with  the  requirements  of 
MIL-S-5002. 

5.15.2  Exterior  Finish  -  The  exterior  finish  shall  be  medium 
gray,  #36231  per  Fed  Std  595,  unless  otherwise 
specified. 

5.16  Dissimilar  Metals  -  Unless  suitably  protected  against 
electrolytic  corrosion,  dissimilar  metals  shall  not  be 
used  in  intimate  contact  with  each  other.  Dissimilar 
metals  are  defined  in  Standard  MS  33586. 

5.17  Standard  Parts  -  MS  and  AN  standard  parts  shall  be  used 
where  they  suit  the  purpose.  Commercial  parts  may  be 
used  where  no  suitable  standard  part  exists. 

5.18  Locking  -  Self-locking  fasteners  shall  be  used  in 
accordance  with  MS  33588  wherever  feasible;  otherwise, 
screws,  bolts,  nuts  and  other  screw  parts  shall  be 
prevented  from  loosening  by  safety  wiring  in  accordance 
with  Standard  MS  33540. 

5.19  Fungus  Resistance  -  Materials  selected  should  be  fungus 
resistant  or  should  be  protected  against  attack  by  fungi. 
This  requirement  is  for  design  only  and  need  not  be 
demonstrated . 
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5.20  Workmanship 

5.20.1  General  -  The  beam  assembly  and  release  unit,  including 
all  parts  and  accessories,  shall  be  fabricated  and 
finished  in  a  workmanlike  manner.  The  parts  shall  be  * 
free  from  blemishes,  burrs,  and  sharp  edges.  All 
brazing,  soldering,  welding  and  riveting  should  be 

done  in  such  a  manner  to  ensure  sound  joints.  Sharp 
protrusions  are  to  be  enclosed. 

L 

5.20.2  Cleaning  -  The  beam  assembly  and  release  unit  shall  be 
thoroughly  cleaned;  loose,  spattered,  or  excess  solder, 
metal  chips  and  other  foreign  matter  shall  be  removed 
during  and  after  final  assembly. 

5.20.3  Gear  Assemblies  -  Gear  assemblies  shall  be  properly 
aligned,  shall  mesh  smoothly,  and  shall  operate 
without  binding. 

5.21  Data  Requirements 

5.21.1  General  -  Data  as  required  by  the  procuring  agency 
shall  be  furnished  by  the  vendor. 
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6.0 


QUALIFICATION  TESTING 


6.1  Test  Procedure!  -  The  release  unit  shall  be  supplied  by 
the  vendor  and  tested  with  160  feet  of  usable  cable  to 
the  extent  specified  herein.  The  tests  shall  be  performed 
by  a  vendor  and  witnessed  by  a  procuring  agency  repre¬ 
sentative  unless  waived  by  the  procuring  agency.  The 

use  of  two  winches  in  the  performance  of  these  tests 
shall  be  permissible.  Two  weeks  prior  to  start  of 
qualification  testing,  the  vendor  will  furnish  procuring 
agency  with  two  sets  of  the  following: 

a.  Test  procedures 

b.  Photograph  and/or  drawings  of  the  test  equipment 
arrangement 

c.  Outline  of  data  collected 

6.2  Test  Reports  -  One  month  after  completion  of  qualifica¬ 
tion  testing,  the  vendor  will  submit  to  the  procuring 
agency  reports  of  the  qualification  tests  which  shall 
include  the  following: 

a.  Description  of  each  test  including  arrangement 

b.  Results  of  each  test 

c.  Explanation  of  deviations  from  test  requirements 

d.  Data  collected 

6.3  Test  Methods  -  Unless  otherwise  stated,  all  tests  will 
be  conducted  at  ambient  room  temperature  of  plus  68  to 
plus  86  degrees  Fahrenheit.  Tolerances  on  test  conditions 
shall  be  as  specified  in  Specification  MIL-E-5272. 

Detailed  procedures  specified  by  Roman  numerals  refer 

to  test  procedures  in  Specification  MIL-E-5272. 

6.3.1  Examination  of  Product  -  The  beam  assembly  and  release 
unit  shall  be  inspected  to  determine  compliance  with 
the  requirements  specified  herein  with  respect  to 
materials,  markings  and  workmanship.  Also,  the  beam 
assembly  and  release  unit  will  be  inspected  to  the 
drawings  supplied  by  the  vendor.  Any  deviation  from 
these  requirements  will  be  brought  to  the  attention 
of  the  procuring  agency. 
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6.3.2  Operation  Load  Teat  -  The  beam  assembly  and  release 
unit  will  be  subjected  to  five  duty  cycles  specified 
in  paragraph  3.2.1.  Any  stoppage,  binding  or  other 
malfunction  shall  be  cause  for  rejection. 

6.3.3  Structural  Load  Test  -  Release  Unit  -  With  power  off, 
the  release  unit  shall  be  subjected  to  a  yield  torque 
of  750  in. /lbs.  Any  yielding  of  the  drum  or  release 
unit  structure  shall  be  cause  for  rejection. 

Note:  This  test  shall  not  be  performed  with  the 

electromechanical  cable  which  will  be  ultimately 
assembled  into  the  unit.  An  alternate  piece  of 
cable  shall  be  used  to  apply  the  yield  torque. 
During  this  test,  the  drum  shall  be  locked  out 
(i.e.,  prevented  from  rotating). 

6.3.4  Structural  Load  Test  -  Beam  Assembly  -  With  beam 
supported  as  for  single-point  mode  (SK  17545) ,  the  beam 
shall  be  subjected  to  a  yield  load  of  100,000  pounds 
applied  at  the  single-point -mode  hook  location.  Any 
yielding  of  the  beam  structure,  including  hooks,  shall 
be  cause  for  rejection. 

6.3.5  Vibration 

6. 3. 5.1  The  beam  assembly  and  release  unit  shall  be  subjected 
to  a  vibration  test  specified  in  Procedure  XII. 

During  the  test,  the  electromechanical  cable  shall 

be  wound  on  its  storage  drum  under  no  load.  After 
exposure  to  the  vibration  requirements,  the  winch 
shall  be  subjected  to  the  operational  load  test 
specified  in  paragraph  6.3.2. 

6. 3.5.2  Upon  completion  of  the  vibration  test  above,  the 
beam  assembly  and  the  release  unit  shall  be  vibrated 
in  each  of  their  three  mutually  perpendicular  axes 
at  a  frequency  of  13  cps  with  an  amplitude  of  +.04 
vertically,  +.05  laterally  and  +.04  longitudinally 
for  a  period  of  50  hours,  of  for  50  hours  in  each 
direction  separately.  The  electromechanical  cable 
shall  be  fully  wound  on  its  drum  and  a  tension  of 
100  +10  pounds  applied  to  its  end.  During  the  test 
with~the  torque  motor  energized,  the  cable  shall 
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exhibit  no  tendency  to  unwind.  After  completion  of 
the  test  cycle,  the  winch  shall  be  subjected  to  the 
operational  load  test  specified  in  paragraph  6.3.2. 

6.3.6  Low  Temperature  -  The  beam  assembly  and  release  unit 
shall  be  subjected  to  the  test  of  Procedure  I.  At  the 
conclusion  of  the  test  and  at  the  specified  temperature, 
the  operational  load  test  of  paragraph  6.3.2  shall  be 
run.  In  addition,  the  time  to  start  shall  be  recorded. 
Failure  to  function  in  3  seconds  shall  be  cause  for 
rejection. 

6.3.7  High  Temperature  -  The  beam  assembly  and  release  unit 
shall  be  subjected  to  the  test  specified  in  Procedure 
II.  At  the  completion  of  the  test,  if  the  chamber  is 
too  small  to  perform  the  operational  load  test,  the 
beam  assembly  and  release  unit  may  be  removed  from  the 
chamber  for  the  test,  provided  the  test  is  run  within 
3  minutes  after  removal  from  the  chamber. 

6.3.8  Temperature  Shock  Test  -  The  test  of  Procedure  I  shall 
be  employed.  At  the  conclusion  of  this  test,  the 
operational  load  test  of  paragraph  6.3.2  shall  be  run. 

6.3.9  Humidity  -  The  beam  assembly  and  release  unit  shall  be 
subjected  to  the  humidity  test  of  Procedure  I.  At  the 
conclusion  of  the  test,  the  operational  load  tests 
specified  in  paragraph  6.3.2.  shall  be  run.  In  addition, 
the  release  unit  shall  be  examined  for  corrosion.  Any 
evidence  of  this  shall  be  cause  for  rejection. 

6.3.10  Salt  Spray  -  The  beam  assembly  and  release  unit  shall 
be  subjected  to  the  tests  of  Procedure  I. 

6.3.11  Sand  and  Dust  -  After  completion  of  the  salt  spray  tests, 
the  beam  assembly  and  release  unit  shall  be  subjected 

to  the  tests  specified  in  Procedure  I.  Upon  completion 
of  these  tests,  the  operational  load  test  specified  in 
paragraph  6.3.2  shall  be  run. 

6.3.12  Life  Test  -  After  completion  of  the  environmental  tests, 
the  beam  assembly  and  release  unit  shall  be  subjected 

to  the  following  life  tests: 
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a.  Run  3600  duty  cycles  specified  in  paragraph  3.2.1. 

b.  After  3000  cycles  of  (a)  above,  a  simulated  wire 
rope  failure  is  to  be  performed.  This  test  shall 

be  repeated  five  times.  The  remaining  595  cycles  x 

shall  be  performed  as  in  (a)  above. 

Note:  During  the  life  test,  the  electromechanical 
cable  must  be  inspected  and  electrical 
continuity  checked  after  the  service  life  » 

of  1200  cycles.  It  shall  be  acceptable  to 
replace  the  cable  if  damage  or  discontinuity 
is  found.  Similarly,  the  cable  shall  be 
inspected  and  electrical  continuity  checked 
after  2400  cycles. 

Any  malfunction,  with  the  exception  of  those 
noted  above,  shall  be  cause  for  rejection. 
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7.0  INSPECTION  TESTS 

7.1  Operation  Test  -  Each  baaxn  assembly  and  release  unit 
shall  be  subjected  to  the  operation  test  specified  In 
paragraph  6.3.2. 

7.2  Examination  of  Product  -  Each  beam  assembly  and  release 
unit  shall  be  inspected  in  accordance  with  the  require* 
mentB  of  paragraph  6.3.1. 

7.3  Quality  Assurance  Provision  -  The  vendor  shall  submit  to 
the  procuring  agency  for  approval  a  log  showing  these 
tests  and  any  other  tests  deemed  necessary  by  him  to 
ensure  that  the  performance  of  subsequent  beam  assembly 
and  release  unit  is  essentially  that  of  the  qualification 
unit.  This  log  will  then  accompany  each  beam  assembly. 


*-- _ _ ......  t  .  _ .  _  _  _ 
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1.0  PURPOSE 

1.1  This  specification  defines  the  requirements  for  the 

design,  manufacture  and  testing  of  a  hydraulically  driven 
winch  to  be  used  in  a  two-winch,  two- suspension  rope 
hoist  system  which  will  be  installed  in, a  helicopter  for 
the  purpose  of  lifting,  lowering  and  transporting 
materiel  externally. 
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2 . 0  REFERENCES 


2.1  The  references  listed  below  constitute  a  part  of  this 
specification.  Xn  case  of  discrepancies  between 
specific  requirements  of  this  specification  and  these 
references,  the  requirements  of  this  specification  shall 
govern. 


SPECIFICATIONS 


MIL-S-5002  Surface  Treatments  (Except  Priming  and 

Painting)  for  Metal  and  Metal  Parts  in  Air 
craft 


MIL-B-5087  Bonding,  Electrical  (For  Aircraft) 


MIL-E-5272  Environmental  Testing,  Aeronautical  and 

Associated  Equipment,  General  Specification 
for 


MIL-H-5440  Hydraulic  Systems  Design,  Installation  and 
Tests  of  Aircraft 


MIL-C-6021  Castings,  Aircraft  Structure,  General  Speci¬ 
fication 


MIL-L-6880  Lubrication  of  Aircraft,  General  Specif i 
cation  for 


MIL-P-6906  Plates,  Information  and  Identification 

MIL-E-7080  Electrical  Equipment,  Piloted  Aircraft 

Installation  and  Selection  of,  General 
Specification  for 

MIL-S-7742  Screw  Threads,  Standard,  Aeronautical 

MIL-I-8500  Interchangeability  and  Replaceability 

of  Component  Parts  for  Aircraft  and  Missiles 

MIL-D-8513  Drawings  and  Data  Lists,  Preparation  of 

Special  Support  Equipment  for  Aeronautical 
and  Associated  Equipment 
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MIL-A-8629 

MIL-D-26125 

MIL-T-9107 

MIL-Q-9858 

MIL-M-9868 

MIL-D-70377 


Military 


Airplane  Strength  and  Rigidity 

Design  and  Evaluation  of  Cartridges  for 
Cartridge  Activated  Devices 

Test  Reports ,  Preparation  of 

Quality  Control  System  Requirement 

Microfilming  of  Engineering  Documents, 
35mm,  Requirements  for 

Drawings,  Engineering  and  Associated  Lists 
Standards 


MIL-STD-3 

MIL-STD-130 

MIL-STD-704 

MS  33540 
MS  33586 
MS  33588 


Military 


Format  for  Production  Drawings 

Identification  Marking  of  U.S.  Military 
Property 

Electric  Power,  Aircraft,  Characteristics 
and  Utilization  of 

Safety  Wiring,  General  Practices  for 

Metals,  Definition  of  Dissimilar 

Nuts  and  Plate  Nuts,  Self-Locking,  Functional 
Limitations  of 

Publications 


MIL-HDBK-5  Strength  of  Metal  Aircraft  Elements 

AF  Bulletin  Material  and  Process  Specification 
No.  23 

Air  Force-Navy  Aeronautical  Bulletin 

ANA  143  Specifications  and  Standards  -  Use  of 
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3.0  DEFINITIONS 

3.1  The  winch  as  hereinafter  referred  to  shall  consist  of  the 
wire  rope,  its  attachment  to  the  beam  and  storage  drum, 
capstan-driven  drums,  drive,  brake  unit,  cable  cutters, 
and  all  necessary  components  to  fulfill  the  detail 
requirements  specified  in  paragraph  4.0  of  this  specifi¬ 
cation. 

3.2  Life  -  The  winch  shall  have  a  minimum  service  life  of 
1200  cycles  before  removal  or  overhaul  and  3600  cycles 
before  retirement. 

3.2.1  Winch  Duty  Cycle  -  One  complete  cycle  shall  consist  of: 

a.  Reel  out  60  feet  loaded  to  24,500  pounds  +500 
pounds . 

b.  Reel  in  60  feet  loaded  to  24,500  pounds  +500  pounds. 

Note:  This  cycle  may  be  run  continuously  provided 
that  the  oil  temperature  in  the  transmission 
and  brake  housing  does  not  exceed  160°  F, 
it  being  permissible  to  recirculate  the  oil 
externally  through  a  suitable  oil  cooler 
pump  arrangement.  The  winch  lift  test, 
para.  6.3.12,  and  winch  brake  test,  para. 
6.3.13,  shall  be  integrated  with  the  lift 
test  of  beam  assembly  and  release  unit 
procured  under  Procurement  Spec  D8-0691. 
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4.0 


DESCRIPTION 


4.1  Components  -  The  winch  shall  be  a  hydraulically  driven 
capstan  type,  the  design  of  which  shall  be  based  upon 

the  preliminary  design  shown  on  Drawing  SK  17542  (8  sheets)  ^ 
consisting  of  the  following  components: 

a.  Hydraulic  Motor  and  Drive  (SK  17542  Sheet  2) 

b.  Brake  (SK  17542  Sheet  2)  1 

c.  Capstan  Drive  Drums  (SK  17542  Sheet  3) 

d.  Wire  Rope 

e.  Wire  Rope  Storage  Drum  with  Level  Wind  (SK  17542 
Sheet  4) 

f.  Wire  Rope  Reel-Out  Drive  (SK  17542  Sheet  7) 

g.  Dual  Rope  Cutters  (SK  17542  Sheet  8) 

h.  Rope  Footage  Indicator  -  Electrical  (SK  17542 
Sheet  3) 

i.  Stops  -  Rope  Out/Rope  In  -  Electrical  Limit  Switches 
(SK  17542  Sheet  3) 

j.  Winch  Supports  (SK  17546,  SK  17547) 

k.  Winch  Exit  Bellmouth  (SK  17542,  Sheet  8) 

l.  Electrically  Actuated  Components 

£ 

4.1.1  Motor  and  Drive  -  Power  input  shall  be  by  means  of  a  * 

hydraulic  fixed-displacement  motor  which,  when  operated 

at  3000  psi  in  combination  with  a  reduction  drive, 

shall  produce  a  minimum  wire  rope  pull  of  25,000  pounds 

at  a  speed  of  60  feet  per  minute.  Motor  horsepower  * 

shall  be  based  on  a  maximum  motor  operating  speed  of 

2500  rpm  +200  rpm. 

4.1.2  Brake  -  The  brake  system  shall  be  automatic  in  function 
and  shall  follow  the  design  schematic  illustrated  on 
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Drawing  SK  17542.  The  brake  torque  capacity  shall  be 
such  as  to  permit  holding  a  25,000-pound  load  under 
the  following  conditions. 

(  a.  2.0g  load  factor  in  vertical  direction 

b.  No  power  input  to  drive  drum 

The  winch  drive  and  brake  system  styall  have  such  self- 

,  contained  energy-absorption  capability  as  to  be  able 

to  absorb  heat  energy  generated  on  lowering  the  load 
of  25,000  pounds  from  150  feet  height,  at  a  rate  of 
60  ft/min.  The  capability  of  the  system  to  dissipate 
the  energy  shall  be  such  as  to  permit  the  repetition  of 
the  work  cycle  after  one  1/2-hour  interval.  No 
reliance  shall  be  placed  on  dynamic  or  regenerating 
braking  using  aircraft  hydraulic  or  electric  system, 
in  order  to  have  the  self-contained  energy-absorption 
capability  of  the  drive  and  brake  system  not  dependent 
on  any  particular  aircraft  installation.  The  entire 
mechanism,  except  for  the  hydraulic  motor,  shall  be 
enclosed  in  a  sealed  housing  and  submerged  in  an  oil 
bath. 

4.1.3  Capstan  Drive  Drums  -  The  capstan  drive  drums  shall  be 
of  light  alloy  construction  having  separate  hardened 
alloy  steel  treads  (grooves) .  The  treads  shall  be  so 
designed  that  they  may  be  replaced  without  damage  to 
the  drums.  The  treads  shall  be  installed  with  clear¬ 
ances  such  that  stresses  generated  by  temperature 
change  shall  not  cause  any  excessive  loading  of  the 
tread  or  drum.  Unless  a  qualified  superior  form  of 
groove  can  be  substantiated,  the  groove  form  shown  on 
SK  17542,  Sheet  2,  shall  be  used.  The  main  capstan 
drum  shall  house  a  three-stage  planetary  reduction  gear 

*  drive  unit.  The  secondary  capstan  drum  shall  be  driven 

from  the  main  capstan  drum  through  an  idler  gear. 
Provision  for  a  chain  sprocket  shall  be  made  on  the 
secondary  capstan  for  driving  the  wire  rope  storage 
drum.  The  ratio  of  drum  tread  diameter  to  the  wire  rope 
diameter  shall  be  18:1.  The  wire  rope  fleet  angle 
between  capstan  drums  shall  not  be  greater  than  2°. 

4.1.4  Wire  Rope  -  The  wire  rope  shall  be  of  6x37  Warrington 
Searle  construction.  It  shall  have  a  nominal  diameter 
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of  1  inch  and  have  a  minimum  breaking  strength  of 
103,000  pounds.  The  manufacture  shall  be  such  that 
all  wires  used  in  its  construction  are  continuous; 
i.e.,  no  welded  wires  shall  be  allowed.  The  wire  rope 
shall  be  lubricated  during  and  after  manufacture  with 
lubricant  conforming  to  MIL-L-6880  or  equivalent.  Wire 
rope  attachment  to  the  beam  shall  be  by  a  pin-jointed 
end  fitting.  The  end  fittings  shall  be  free  to  rotate 
about  the  prime  mover's  lateral  axis. 

4.1.5  Wire  Rope  Storage  Drum  -  The  wire  rope  storage  drum 
shall  accommodate  150  feet  of  rope  plus  the  required 
wraps  for  rope  retention.  The  drum  anchor  rope  clip 
shall  have  a  pull-out  rating  of  1000  to  1500  pounds. 

The  storage  drum  shall  be  driven  from  the  secondary 
capstan  drum  by  permanently  lubricated  type  chain.  The 
drive  to  the  drum  shall  be  through  a  slipping  clutch 
device  which  shall  maintain  a  minimum  preload  in  the 
wire  rope  of  300  pounds  and  shall  be  capable  of 
adjustment  without  dismantling  the  winch  to  provide 

a  load  in  the  wire  rope  of  600  pounds.  (Subsequent 
qualification  tests  shall  be  used  to  establish  the 
optimum  preload  in  the  wire  rope  from  storage  reel  to 
capstan  drum.)  A  rope  level  wind  shall  be  provided 
on  the  storage  drum.  The  level  wind  shall  be  driven 
from  the  storage  drum  by  a  permanently  lubricated  chain 
drive.  All  chain  drives  shall  be  suitably  enclosed  to 
exclude  foreign  objects. 

4.1.6  Wire  Rope  Reel-Out  -  Provision  shall  be  made  to  power 
reel-out  the  rope  as  it  leaves  the  capstan  drum. 

Treads  of  reel-out  pulleys  shall  be  of  hardened  alloy 
steel  and  shall  be  of  semicircular  profile.  Adequate 
allowance  for  high  tolerance  of  rope  diameter  shall 
be  provided  in  establishing  groove  profile. 

4.1.7  Dual  Rope  Cutters  -  Dual  rope  cutters  shall  be  provided. 
They  shall  be  located  immediately  outboard  of  the  wire 
rope  reel-out  pulleys.  The  dual  rope  cutters  shall  be 
electrically  initiated  and  wired  independently.  The 
cartridge  devices  used  shall  have  twin  bridges  in 
parallel.  The  rope  cutters  shall  be  so  designed  that 
the  severed  rope  end  shall  be  retained  by  the  cutter 
after  firings  so  as  to  prevent  a  wild  rope  end.  The 
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rope  cutter  assemblies  shall  be  installed  so  that  they 
can  be  easily  checked  or  replaced  without  removing  any 
other  component  of  the  winch  system.  All  electrical 
connections  and  explosive  charges  must  be  waterproof 
*  and  shall  be  fail-safe  in  the  event  of  accidental 

malfunction.  The  explosive  cartridge  used  in  the 
cable  cutter  shall  meet  the  requirements  of  MIL-D- 
21625A. 

4.1.8  Rope  Footage  Indicator  -  Provision  for  -  Provision  shall 
be  made  for  the  installation  of  a  rope  footage  indicator. 
The  rope  footage  indicator  shall  provide  a  signal  output 
which  will  subsequently  be  used  to  provide  a  display  of 
rope  footage  out  to  the  pilot  and/or  crane  operator. 

4.1.9  Winch  Rate  Monitor  -  Provision  shall  be  made  for  the 
installation  of  a  rate  sensing  device;  i.e.,  to  provide 
a  rate  feedback  signal  to  the  system  hydraulic  control 
servo  to  obtain  a  closed-loop  contra-circuit.  This 
requirement  may  be  integrated  with  the  rope  footage 
indicator  specified  in  paragraph  4.1.8. 

4.1.10  Stops  -  Rope  Out/Rope  In  -  Electrical  Limit  Switches  - 
Suitable  stops  shall  be  provided  to  ensure  that  the 
rope  is  not  inadvertently  played  out  beyond  its  150- 
foot  working  length  and  to  ensure  that  the  cargo  hook 
system  shall  not  run  into  the  winch  exit  bellmouth 
during  system  raising.  The  stops  shall  operate 
electrical  limit  switches.  The  limit  switches  may  be 
integrated  with  the  rope  footage  indicator  (paragraph 
4.1.8) . 


4.1.11  Winch  Supports  -  The  winch  supports  shall  be  compatible 
with  the  prime  mover  into  which  the  winch  will  be 
installed.  In  the  absence  of  any  prime  mover  being 
specified,  it  shall  be  assumed  that  the  winch  shall  be 
installed  in  a  transport-configured  prime  mover. The  winch 
supports  shall  be  so  designed  to  allow  the  winch  to  pivot 
about  its  longitudinal  axis.  The  major  winch  support, 
i.e.,  that  which  supports  the  major  portion  of  the 
load,  shall  have  provision  to  accept  a  load  isolator 
and  a  load  cell  system.  The  load  isolator  shall  support 
the  winch  and  do  so  as  a  compressive  device.  The  load 
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cell  shall  be  Integrated  with  the  load  isolator.  The 
major  winch  support  shall  be  so  designed  that  it  is 
capable  of  reacting  all  end  loads  transmitted  to  the 
winch  from  the  system  suspension  wire  rope.  The  minor 
winch  support  shall  be  so  designed  that  it  shall  be 
incapable  of  reacting  any  end  loads  from  the  winch; 
i.e.,  it  shall  be  pin  jointed.  Both  supports  shall  be 
capable  of  reacting  any  side  loads  from  the  winch. 

The  structural  design  criteria  specified  in  paragraph 
5.2  shall  apply. 

4.1.12  Winch  Exit  Bellmouth  -  The  winch  exit  bellmouth  shall 
be  so  designed  that  it  is  capable  of  swivelling  in  a 
fore  and  aft  direction  equivalent  to  a  rope  swing  angle 
of  ±30°.  The  bellmouth  shall  be  made  from  hardened 
steel  and  be  so  designed  that  it  neither  fouls  nor 
pinches  the  wire  rope  over  its  full  travel  of  +30°. 

4.1.13  Electrically  Actuated  Components  -  Electrical  compo¬ 
nents  of  the  winch  shall  be  capable  of  being  operated 
by  utilizing  28VDC.  The  power  supplies  shall  conform 
to  MIL-STD-704 . 


5.0 


DESIGN  REQUIREMENTS 
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5.1  Mounting  -  The  winch,  unless  otherwise  specified,  shall 
be  mounted  as  shown  on  Drawing  SK  17541. 

5.2  Structural  Design  Criteria  -  The  winch  shall  have  a 
vertical  lift  capacity  of  not  less  than  25,000  pounds 
with  a  design  load  factor  of  2.5g  and  a  safety  factor 
of  1.5  ultimate  unless  otherwise  specified  in  this 
specification;  other  safety  factors  and  allowable  loads 
and  stresses  shall  be  in  accordance  with  MIL-A-8629 
(AER) ,  paragraph  3.21.  Additionally,  the  loading  cases 
in  the  stress  analysis  shown  in  this  report  shall  be 
provided  for  to  the  extent  specified  by  the  procuring 
agency . 

5.3  Performance  -  The  winch  shall  be  capable  of  operating 
after  exposure  to  the  following  conditions: 

a.  Temperature  ranging  from  -65°  to  +150°  F. 

b.  Relative  humidity  up  to  100  percent 

c.  Sand  and  dust  encountered  in  desert  areas 

5.4  Vibration  -  The  winch  shall  be  capable  of  operating 
after  being  subjected  to  vibrations  specified  in  para¬ 
graph  6.3.5. 

5.5  Capacity  -  The  capacity  shall  be  as  given  in  paragraph 
4.1.1. 

5.6  Life  -  The  winch  shall  be  designed  for  a  service  life 
and  overhaul  period  as  defined  in  paragraph  3.2. 

5.7  Weight  and  Dimensions  -  Weight  of  one  winch  with  hydraulic 
motor  and  190  feet  of  wire  rope  shall  not  exceed  1200 
pounds.  Physical  dimensions  shall  not  exceed  those 
shown  on  Drawing  SK  17542. 

5.8  Hydraulic  Systems  -  The  winch  shall  be  powered  by  a  3,000- 
psi  system  which  shall  be  in  accordance  with  the  require¬ 
ments  of  Specification  MIL-H-5440  for  Type  II  systems. 

The  flow  requirements  shall  not  exceed  40  gpm  per  winch. 

5.9  Electric  Wiring  and  Circuitry  -  All  wiring  and  components 
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shall  be  in  accordance  with  the  requirements  of  Specific 
cation  MIL-E-7080. 

5.10  Lubrication  -  The  winch  shall  incorporate  self-contained 
lubrication  which  shall  be  in  accordance  with  the  require¬ 
ments  of  Specification  MIL-L-6880  and  shall  be  suitable 
for  use  under  all  operating  environments  specified 
herein. 

5.11  Screw  Threads  -  Screw  threads  shall  conform  to  require¬ 
ments  of  Specification  MIL-S-7742. 

5.12  Interchangeability  -  All  parts  having  the  same  part 
number  shall  be  dimensionally  and  functionally  inter¬ 
changeable.  The  requirements  of  Specification  MIL-I-8500 
shall  apply  to  the  motor  and  mounting  dimensions. 

5.13  Marking 

5.13.1  Identification  of  Product  -  Parts  shall  be  marked  in 
accordance  with  Standard  MIL-STD-130.  A  nameplate  in 
accordance  with  Specification  MIL-P-6906  shall  be 
affixed  to  the  winch  with  the  following  information 
etched,  engraved  or  otherwise  permanently  printed: 

Winch  Assembly  25,000  lb  capacity 
Serial  No. 

Stock  Number 

Manufacturer's  Identification 
Manufacturer's  Part  Number 
Contract  No. 

U.S. 

5.13.2  Instructions  -  Brief  operating  instructions,  hydraulic 
port  identification,  limit  switch  identification,  and 
a  wiring  diagram  shall  be  permanently  mounted  on  the 
winch  by  using  metal  foil  or  metal  plate  type. 

5.14  Cooling  -  The  winch  shall  be  capable  of  operating  through¬ 
out  its  duty  cycle  specified  in  paragraph  3.2.1  without 
the  need  for  external  cooling. 

5.15  Corrosion  Resistance  -  Metals  shall  be  chosen  for  their 
corrosion  resistance;  otherwise,  they  should  be  finished 
to  resist  corrosion. 


5.16  Finishes 


5.16.1  Surface  Finish  -  Surface  finishes  of  deteil  parts 
shall  be  in  accordance  with  the  requirements  of 
MIL-S-5002. 

' ..  i  •  i 

5.16.2  Exterior  Finish  -  The  exterior  finish  shall  be  medium 
gray,  #36231  per  Fed  Std  595. 

5.17  Dissimilar  Metals  -  Unless  suitably  protected  against 
electrolytic  corrosion,  dissimilar  metals  shall  not  be 
used  in  intimate  contact  with  each  other.  Dissimilar 
metals  are  defined  in  Standard  MS  33586. 

5.18  Standard  Parts  -  MS  and  AN  standard  parts  shall  be  used 
where  they  suit  the  purpose.  Commercial  parts  may  be 
used  where  no  suitable  part  exists. 

5.19  Locking  -  Self-locking  fasteners  shall  be  used  in 
accordance  with  MS  33588  wherever  feasible;  otherwise, 
screws,  bolts,  nuts  and  other  screw  parts  shall  be 
prevented  from  loosening  by  safety  wiring  in  accordance 
with  Standard  MS  33540. 

5.20  Fungus  Resistance  -  Materials  selected  should  be  fungus 
resistant  or  should  be  protected  against  attack  by  fungi. 
This  requirement  is  for  design  only  and  need  not  be 
demonstrated . 

5.21  Workmanship 

5.21.1  General  -  The  winch,  including  all  parts  and  access¬ 
ories,  shall  be  fabricated  and  finished  in  a  workman¬ 
like  manner.  The  parts  shall  be  free  from  blemishes, 
burrs  and  sharp  edges.  All  brazing,  soldering, 
welding  and  riveting  should  be  done  in  such  a  manner 
to  ensure  sound  joints.  Sharp  protrusions  to  be 
enclosed. 

5.21.2  Cleaning  -  The  winch  shall  be  thoroughly  cleaned; 
loose,  spattered,  or  excess  solder,  metal  chips  and 
other  foreign  matter  shall  be  removed  during  and  after 
final  assembly. 


* 
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5.21.3  Gear  Assemblies  -  Gear  assemblies  shall  be  properly 
aligned/  shall  mesh  smoothly,  and  shall  operate 
without  binding. 


5.22  Data  Requirements 


5.22.1  General  -  Data  as  required  by  procuring  agency  shall 
be  furnished  by  the  vendor. 
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6.0  QUALIFICATION  TESTING 

6.1  Test  Procedures  -  The  winch  shall  be  supplied  by  the 
vendor  and  tested  with  190  feet  of  usable  cable  to  the 
extent  specified  herein.  The  tests  shall  be  performed 
by  a  vendor  and  witnessed  by  a  procuring  agency  repre¬ 
sentative  unless  waived  by  the  procuring  agency.  Two 
weeks  prior  to  start  of  qualification  testing,  the 
vendor  will  furnish  the  procuring  agency  with  two  sets 
of  the  following: 

a.  Test  procedures 

b.  Photograph  and/or  drawings  of  the  test  equipment 
arrangement 

c.  Outline  of  data  collected 

6.2  Test  Reports  -  One  month  after  completion  of  qualification 
testing,  the  vendor  will  submit  to  the  procuring  agency 
reports  of  the  qualification  tests  which  shall  include 
the  following: 

a.  Description  of  each  test  including  arrangement 

b.  Results  of  each  test 

c.  Explanation  of  deviations  from  test  requirements 

d.  Data  collected 

6.3  Test  Methods  -  Unless  otherwise  stated,  all  tests  will 
be  conducted  at  ambient  room  temperature  of  plus  68  to 
plus  86  degrees  Fahrenheit.  Tolerances  on  test  conditions 
shall  be  as  specified  in  Specification  MIL-E-5272. 

Detailed  procedures  specified  by  Roman  numerals  refer 

to  test  procedures  in  Specification  MIL-E-5272. 

I 

6.3.1  Examination  of  Product  -  The  winch  shall  be  inspected 
to  determine  compliance  with  the  requirements 
specified  herein  with  respect  to  materials,  markings 
and  workmanship.  Also,  the  winch  will  be  inspected 

to  the  drawings  supplied  by  the  vendor.  Any  deviation 
from  these  requirements  will  be  brought  to  the 
attention  of  the  procuring  agency. 

6.3.2  Operation  Load  Test  -  The  winch  will  be  subjected  to 
five  duty  cycles  specified  in  paragraph  3.2.1.  Any 
stoppage,  binding  or  other  malfunction  shall  be  cause 
for  rejection. 
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6.3.3 


Structural  Load  Test  -  With  power  off,  the  winch  wire 
rope  ehall  be  aubjected  to  a  yield  load  of  62,500 
pounds.  Any  yielding  of  the  drums  or  winch  structure 
shall  be  cause  for  rejection. 

6.3.4  Vibration  * 

6. 3. 4.1  The  winch  shall  be  subjected  to  a  vibration  test 
specified  in  Procedure  XII.  During  the  test,  the 

wire  rope  shall  be  wound  on  its  storage  drum  with  l 

no  load  on  the  rope.  After  exposure  to  the  vibration 
test,  the  winch  shall  be  subjected  to  the  operational 
load  test  specified  in  paragraph  6.3.2. 

6. 3.4.2  Upon  completion  of  the  vibration  test  above,  the 
winch  shall  be  vibrated  in  each  of  its  three  mutually 
perpendicular  axes  at  a  frequency  of  13  cps  with  an 
amplitude  of  ±.04  vertically,  ±.05  laterally  and 
±.04  longitudinally  for  a  period  of  50  hours,  or  for 
50  hours  in  each  direction  separately.  The  rope 
shall  be  fully  wound  on  its  drum  and  a  tension  of 
25,000  pounds  applied  to  the  end.  During  the  test, 
the  drive  shall  exhibit  no  slippage.  After  completion 
of  the  test  cycle,  the  winch  shall  be  subjected  to 
the  operational  load  test  specified  in  paragraph 
6.3.2. 

6.3.5  Low  Temperature  -  The  winch  shall  be  subjected  to  the 
test  of  Procedure  I.  At  the  conclusion  of  the  test  and 
at  the  specified  temperature,  the  operational  load  test 
of  paragraph  6.3.2  shall  be  run.  In  addition,  the  time 
to  start  shall  be  recorded.  Failure  to  start  in  3 
seconds  shall  be  cause  for  rejection. 

6.3.6  High  Temperature  -  The  winch  shall  be  subjected  to  the  i 

test  specified  in  Procedure  II.  At  the  completion  of 

the  test,  the  operational  load  test  specified  in  para¬ 
graph  6.3.2  shall  be  run.  If  the  chamber  is  too  small 
to  perform  the  operational  load  test,  the  winch  may  be  ) 

removed  from  the  chamber  for  the  test,  provided  the 
test  is  run  within  3  minutes  after  removal  from  the 
chamber . 

6.3.7  Temperature  Shock  Test  -  The  test  of  Procedure  I  shall  be 
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employed.  At  the  conclusion  of  this  test,  the  opera- 
tional  load  test  of  paragraph  6.3.2  shaj.1  be  run. 

k  « 

6.3.8  Humidity  -  the  winch  shall  be  subjected  to  the  humidity 
test  of  Procedure  I.  At  the  conclusion  of  the  test, 
the  operational  load  tests  specified  in  paragraph  6.3.2 
shall  be  run.  In  addition,  the  winch  shall  be  examined 
for  corrosion.  Any  evidence  of  this  shall  be  pause  for 
rejection. 

6.3.9  ~  Sand  and  Dust  -  After  completion  of  the  humidity  tests, 

the  winch  shall  be  subjected  to  the  tests  specified  in 
Procedure  I.  Upon  completion  of  these  tests,  the 
operational  load  test  specified  in  paragraph  6.3.2 
shall  be  run. 

6.3.10  Life  Test  -  After  completion  of  the  environmental  tests, 
the  winch  shall  be  subjected  to  the  following  life  test: 

Run  3600  duty  cycles  specified  in  paragraph  3.2.1. 

Any  malfunction,  with  the  exception  of  rope,  rope 
tread,  brake  pads  or  clutch  pads,  shall  be  cause  for 
rejection. 

6.3.11  Brake  Test  -  With  a  load  of  25,000  pounds  applied  to 
the  wire  rope,  the  winch  shall  be  reeled  out  approx¬ 
imately  10  feet,  the  power  switched  off,  and  the 
drums  allowed  to  come  to  rest  without  the  25,000-pound 
load  being  relieved.  The  load  shall  be  held  without 
slipping  or  rotation  of  the  drums.  Failure  to  do  so 
will  constitute  reason  for  rejection. 

Note:  During  the  life  test,  the  wire  rope  shall  be 
replaced  after  a  service  life  of  1200  duty 
cycles.  The  wire  rope  treads  are  to  be  inspected 
for  excessive  wear  and  replaced  if  necessary 
after  a  service  life  of  1200  duty  cycles. 

The  foregoing  procedure  shall  be  repeated 
after  2400  duty  cycles. 
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INSPECTION  TESTS 


7.1  Operation  Test  -  Each  winch  ahall  be  subjected  to  the 
operation  test  specified  in  paragraph  6.3.2. 

7.2  Examination  of  Product  -  Each  winch  shall  be  inspected 
in  accordance  with  the  requirements  of  paragraph  6.3.1. 

7.3  Quality  Assurance  Provision  -  The  vendor  shall  submit  to 
the  procuring  agency  for  approval  a  log  showing  these 
tests  and  any  other  tests  deemed  necessary  by  him  to 
ensure  that  the  performance  of  subsequent  winches  is 
essentially  that  of  the  qualification  unit.  This  log 
will  then  accompany  each  winch. 


& 
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